A CAHNERS PUBLICATION - OCTOBER 5, 1976 


Add vectored interrupts and 
memory mapping to 4-bit LP's 


Use software building blocks 
to simulate analog circuits - 


EXCLUSIVELY FOR DESIGNERS AND DESIGN MANAGERS IN ELECTRONICS 





























Berg Quickie Connectors 
are the logical cable interface 





for Digital minicomputers 





Berg Quickie™ Connectors rapidly, machines that precisely meet its demanding 
reliably terminate multi-lead, flat, round interconnection needs. 
“conductor cable—without pre-stripping. Quickie Berg is experienced. We read 

designs allow for visual inspection before and interconnection needs like Digital computers 
after assembly. read data. We have the products, the 

Digital Equipment Corporation likes background, and the back-up to do the job. 
the Quickie connector’s ease of termination and Your job. Let’s work on it, together. Berg 
how its askewed tines strip away insulation to Electronics, Division E. I. du Pont de Nemours 
assure positive electrical contact. They like the & Co., New Cumberland, Pa. 17070—Phone 
way Quickie Headers latch to maintain (717) 938-6711. 


connection integrity through vibration and 


impact. Digital has found it can rely on Berg... QU POND BERG ELECTRONICS 


to supply the products and the application —— 


For more information, Circle No. 1 


We serve special interests—yours! 








Chicago Switch presents. . . 


fine Spasavers. 





Sue 


if you don’t have 
all the space in the world 
but want all the quality . . . 





See the complete Spasaver 
line of switches in our infor- 
mative 24 page, 2 color cata- 
log which includes photos, 
line drawings, specifications, 
Flalemmeolael-lalale Mm laicelauil-halelammeln 
over 250 different switches. 


This fantastic family of Spasaver switches offers 
a variety of subminiature packages including an 
eight (8) position rotary in a TO-5 can that may 
be socket/p.c. or panel mounted. Other 
Spasavers include slide switches with snap 
action, pushbutton or window momentary 


action switches in a choice of contact combin- (cm A > 
ations. a 


Sample switches will be provided on requests CHICAGO SWITCH, INC. 
ci ech dlalem-] 0) e)i(e-nalolam-lalom-lalalerslma-ve lel e-lan(:apee 2035 Wabansia Ave. — Chicago, Ili. 60647 — 312/489-5500 





For more information, Circle No. 4 








The right DVM Decision means 
>] ppm resolution, HP-IB, and math... 


alll for $3200° 


Introducing HP’s 3455A DVM-—a microproces- 
sor controlled DVM with high resolution and 
computational capability for the lab plus high 
speed and good noise rejection for systems use 
...complete with true r.m.s. ac to 1 MHz, de and 
ohms for $3,200*. HP’s new high-speed micro- 
processor gives the lab user: 


54% or 612 digit resolution. Choose from the 
normal 514 digit mode or the High Resolution 
642 digit mode for >1 part per million resolu- 
tion...ideal for trimming, matching and balancing 
in the Standards lab. Wide bandwidth ac readings 
are always displayed with 5 digit resolution. 


Math capability. Enter constants into memory 
and you can offset readings, take ratios or scale 
a measurement to give direct readout in engi- 
neering units. Or, display percent error from a 
standard value in memory to speed calibration 
and inspection tasks. 


But the microprocessor is also con- 
trol oriented to give the systems user: 


Fast reading. Read at rates up to 
24/sec on dc ranges, up to 12/sec in 
the fast ac mode and up to 12/sec on 
ohms ranges. You get this high dc 
speed with >60 db normal mode 
noise rejection at line related fre- 
quencies. 


Easy programming. Program by push- 
ing front-panel buttons. That’s right, 
program-code knowledge is not re- 
quired. In the Binary Program Mode, 
the HP-IB (HP’s implementation of 
IEEE’s 488-75) compatible 3455A 
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automatically monitors front-panel control set- 
tings and reports their status to the controller, 
speeding and simplifying instrument program- 
ming. Front-panel indicators give complete 
instrument status at all times. 


Removable reference and automatic calibration. 
Calibrate your 3455A on the spot. Now your 
DVM needn’t go to the lab for dc and ohms 
calibration. Simply keep an extra reference on 
hand. Then, to calibrate, just pull one out...slip 
another in...and with HP’s Auto Cal you're 
ready to go again in seconds. 


And for both lab and systems: 

Microvolt sensitivity and high accuracy. Read 
directly from thermocouples and other low-level 
sources...with > 140 dB CMR. On dc you have 
1 nV sensitivity, 10 w~V on ac. and HP’s Auto 
Cal provides de accuracy of +0.005% of read- 
ing + | digit) for 90 days by automat- 
ically measuring reference constants 
and digitally correcting readings. A 
test function signals out of tolerance 
constants and identifies the constant 
for rapid repair. 


Plus convenient features and options. 
Choose either 2-wire k 2 or 4-wire 
k measurements. Switch select 50 
or 60Hz operation...front or rear 
panel inputs. And for $200 less 
($3,000) you can substitute an average 
ac converter for the r.m.s. converter. 


Once you see the 3455A, you'll know 
it’s the right system or lab DVM de- 
cision. Ask your local HP field en- 
gineer for all the details. 


*Domestic U.S.A. price only. HP DVM” a 
the right decision 
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Sales and service from 172 offices in 65 countries. 


1507 Page Mill Road, Palo Alto, California 94304 


For assistance call: Washington (301) 948-6370, Chicago (312) 677-0400, 
8-9430. 
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DESIGN NEWS 


Sometimes, not seeing the light saves time and money ......... 23 
Ambient light furnishes power to charge digital watch’s batteries . . . Exposition 
will spotlight electric vehicles of all types and sizes . . . A computer in every 


home? Thanks to the wC-hobbyist boom, it’s coming a lot faster than you might 
imagine! 
SEPP Pe a ce din 8 OPE SO ea 33 


Programmed dicing saw slices wafers easily and precisely with »P’s help .. . uP 
replaces cam controller in environmental test chamber, adding simplicity plu 
accuracy. | 


DESIGN FEATURES 


Designer’s Guide to: Physical design and packaging — Part1..... 46 
The zero-mass approach shows the clever EE how to design using fewer 
components while making them do more work! } 








4 Add vectored interrupts and memory-mapped I/O to 4-bit uP’s ....... 55 
tt we pe @ Has the somewhat limited |/O structure of 4-bit «P’s constrained your designs? 
Packaging ideas .. . pg. 46 These ““memory-expanding” schemes just might help. 
4 this 30-ppm scale proves that analog designs aren't dead............ 61 
Electronics does not live by uP’s alone. This analog instrument achieves 0.02% 
absolute accuracy, yet never needs adjustment. 
Simulate analog circuits with digital-filtering circuits ............... 93 


These equations let users breadboard virtually any circuit that can be built in 
hardware with equivalent software. 





Vour 


Too often we assume that assembly language and a higher level language are 
incompatible. Perhaps some rethinking will pay off. 


DESIGN AVA a ee See OE a ee 104 


| This PLL lock indicator uses a single IC .. . Line driver is compatible with OCI line 
| receiver .. . Divide-by-N uses shift register . . . Build a function generator with a 
| COVER 555 timer... Binary to BCD conversion with pP’s. 


Overvoltage IC i. pg. 112 





As this mock-up shows, a 


} pretty enclosure can hide PROGRESS IN PRODUCTS 


functional but not-so- : 
attractive internals. Our Overvoltage-protection IC will always “let you down” ......... 112 


| 
| 
| thanks to Phil Brooks who Matrix LED display packs more electronics to significantly reduce system parts 


| provided this unit to dem- count. 
| onstrate some of the pack- 


aging techniques mentioned DESIGN PRODUCTS 
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In-circuit emu lation 
product can do while: 


The dream of design engineers is to 
develop, debug, and integrate hardware and 
software in their actual product environ- 
ment—from day one. Thereby dramatically 
shortening the development time —and 
development cost—of their microcomputer- 
based products. 

The Intellec® microcomputer develop- 
ment system makes the dream a reality. 
Because the Intellec system has everything 
you need to design microprocessor based 
products using Intel® 8080, Series 3000 
and future Intel microprocessors. ag . aREUguN Ss 

You reverse the traditional product . : ee 
development flow which postpones hard- ee Cereus nce 
ware/software integration until late in the eS baal 
development cycle. Move from concept 
through design, system integration and 

debugging to production in a fraction of 
~ the time normally required. 

With ICE-80 and ICE-30 Intellec’s in- 
circuit emulation modules, you exercise 
your complete hardware/software proto- 
type under control of high level diagnostic 
software. ICE-80 plugs into the 8080 socket 
in your prototype system and runs it in 
real time. Under Intellec system control, 
you single-step your system program, using 
Intellecs memory and I/O as though they 
were part of the prototype system. Power- 
ful debug functions are extended into your 
system and you can examine or modify 
your system memory or Intellec memory 
using symbolic references instead of 
machine addresses. 





lets you see what your 
its still on the bench. 
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The Intellec system includes its own 
8080 processor, memory, and a full range 
of peripherals designed to ease your de- 
velopment task. These include diskette 
operating system, CRT/keyboard, line 
printer, universal PROM programmer, 
high speed papertape reader, the in-circuit 
emulation modules, (ICE-80 and ICE-30) 
and interfaces for teletypewriter and high 
speed tape punch. 

Under Intellec software you assemble, 
edit, execute and debug programs quickly. 
The diskette-based operating system, ISIS, 
performs all your program and file manage- 
ment tasks automatically. A wide range of 
system commands gives you complete con- 
trol of your prototype, including the ability 
to set multiple hardware and software break 
point conditions. 

The Intellec system provides the con- 
venience of a complete in-house develop- 
ment system, backed with the quality sup- 
port, service, training, and documentation 
you expect from the company that is the 
leader in microprocessor systems develop- 
ment. And the Intellec system is available 
for immediate delivery. 

If you've always wanted to see how your 
product works while it’s still on the bench, 
experience an Intelléc system for yourself. 
For a demonstration or for technical in- 
formation use the reader service card or 
write: Intel Corporation, 3065 Bowers 


Avenue, Santa Clara, California 95051. 


Ed ® 


Microcomputers. 






First from the beginning. 


Circle No. 7 for technical information only. 
Circle No. 8 for a demonstration and technical information. 





















Vn the beginning there was the Op Amp. 
And it was good. Unfortunately, it had 
high bias current and was slow. 
So, we created the LM108, with 
Super Beta. Super Beta reduced 
the high bias current. But it 
was still slow. So we de- 
veloped the LMI18. A 
beautiful thing, with feed 
forward, large BW and 
slew. Well, that made it 
faster. But it left us with 
the bias current problen 
all over again. 
Then a long si 
enveloped the 
etna ~ t 






















i 1 of 100 and up 
Siac 6 super fa: noi sad high volt- 
age JFETS plus B ,on the same chip. ever. Amen. 


The best low in high speed, low 
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And BI-FET features low offset voltage and 
offset voltage drift. Both coupled with offset 
adjust that doesn’t degrade drift or common 
mode rejection. 

The LF156 was designed for 
high slew rate, wide band- 


And, if that's not fast enough for you, 
~ why don't you try our LF157 Series. 
Or for very low current drain there's — 
nothing better than our LFI55 Series. 
Whichever one you choose BI- io fhe 
Amps pack a lot of performance in a small 
package, at low cost. Only $2.50 in quantities 
for commercial TO-99. 
BI-FET. Bipolar and JFET together, for- 


TOLD) RSS dbo, Frdewoexd Clits, NI] on gt. AAG 





width and an incredibly 
fast setting time. 

2mV maximum offset, 
5uVW/C maximum drift. 

10 pA maximum off- 
set current and 50 pA 
maximum bias current. 

100 Hz noise of .0] 
pA/VHzand 15 nV/VHz. 

12 V/u sec. slew rate. 

5 MHz bandwidth. 

The LF156 is the most 
accurate, high speed ampli- 
fier in the industry: 1.5y 
sec. settling time to 0.01%. 
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A miracle 
salto 


to follow 





Matter of fact, with a thing 
as heavenly as our Bi-FET, it’s 
almost impossible. 

But not quite. 

Now we’ve topped our old 
story a bit by coming up with 
some new Bi-FET products, to 
extend the range of Bi-FET’s 
applications. 

For one, the wondrous 
LF 13741 op amp. It replaces 
the 741 op amp when you need 
extremely low input current. 


And other terrifically good 
stuff like the LF 13331 family of 
analog switches (with no latch-up 
or static blow out problems) and 
the LF 352 instrumentation 
amplifier (combining low input 
current and excellent linearity), 
and the LF 398 sample and hold 
amplifier (a delightfully pleasant 
combination of noise, acquisition 
time and price numbers). 

And what they all have in 


common is that they’re the least 






National Semiconductor 


:- 2900 Semiconductor Drive, Santa Clara, CA 95051 


Gentlemen: 
: Please send me info on your new Bi-FET’s. 
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act 


expensive way to get the kind of 
performance they offer. 


So, to our original Amen we 


can only add, Amen. 
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7A National Semiconductor 


if 


can find any other 
logic board tester on the market 
that has all these features, 
we'll buy it for you. 














Power-fail protection to Orerarre) (omuuidemoiticstameltaiey| 
safeguard software system. voltmeter for operator 
convenience. 





















Automatic loader provides 
one-step bootstrap procedure 


Nitesltieletelamerterlestiiamerte 
for system initialization. 


lorem (ele (ce com cala@iclsleleMeya 
provided as stand-alone for 
fast, efficient test generation. 


Both hardware (TAPS) 
Avave mre) (aur lace Gel tenltictceya) 
modeling available for 
ev anucsatiterleveyeie) ai ets 
test program. 


16K Core Memory, 
expandable to 64K. 


Alphanumeric CRT for 


Ot Comriveve me ti Cara mel sce tetelee 


AY foxiarereieets)(acan oa ales 
program available. One- 
year on-site warranty on 

entire system. 


Simulator generated test 
program on diskette for 

convenience of program 
eliegialtiatelar 


LSI-II mini-computer with 
16K words of memory and 
direct memory access. 
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Wide range of UUT power 
supplies available. _ | ce 
~~. UU TL interface pins 
- available in 3 types and ~ 
expandable to’ 767. pins. - 


Guided Fault Isolation for 
-- fast troubleshooting by’a» 
low-skilled operator using 


Single or dual 256K byte 
floppy disk drive for low- 
cost mass storage. 


Optional 5M byte dual 


moving head disk drive 


provides increased capacity a guided probe. 
for even the most complex 5 as . = 
boards. _ Added GFI capability 


using our new Clever Clip 
Analog capability for o 43 “— _ which can handle IC’s up 
testing hybrid boards. ) : NG i pase | 











Our family of CAPABLE logic board 
testers are in a class by themselves. That's why 
we can make an offer like this and not worry 
for a minute that it'll be put to the test. 

Because the only way to match our 
features is to custom-build or custom-order. 
And even then you can't match our pricing 
(starting under $22,000). 

To begin with, all CAPABLE testers have 
our own powerful, ComputerAutomation 
LSLII 16-bit computer 
with 16K words of mem- . 
ory and direct memory | 
access for quick exe- 
cution of the test 
program. 

Next, there's 
Guided Fault : 

Isolation (GFI) with both a single point 
probe and our new Clever Clip)’ which 
can handle IC's up to 24 pins. This not only 
makes testing faster, but also minimizes the 
chance for error because the operator has 
less to do. There’s even a special readout 
that tells you if the clip isn't making proper 
contact with the pins. 

Both our probe and Clever Clip have 
individually-programmed threshold settings, 
which allow them to adjust automatically 
as different logic levels are probed. 

CAPABLE testers are available with 
three types of pin electronics —TTL, CMOS, 
and programmable. So we can tailor a test 

supeera, system to your specific 
Mea needs and minimize 
Meee fixturing and adapta- 
MA tion costs when your 
needs change. 

And since 
our entire system is 
ements creer modular, you can 

add pin electronics up to 767 pins as your 
boards become larger and more complex. 
You can add additional memory as your test 
routines become larger. You can add new 
logic families. Or you can convert your 
CAPABLE into a complete analog 
test system. All as you need it. 

Here's even more flexibility. 
An add-on simulation capability 





















with a unique offer attached: Welll buy 


it back at full price anytime your needs 
require that you upgrade to one of our 
larger simulators. 

The list of CAPABLE features goes o! 
Automatic Test Generation (ATG). Fault 
Detect Verification (FDV). Analog testing 
capability. A ticket printer for producing 
hard copy failure reports. Even an alpha- 
numeric CRT input/output terminal with 
standard office typewriter keyboard 

And CAPABLE testers carry 


the most complete support pro- 
=| gram available. Starting with a 
one-year, on-site warranty on the 
entire system—no exceptions. And 
including one week of technical 
= training at start-up and on-going 
engineering assistance as you need it. 
We're uniquely able to help you solve 
your testing problems because weve gone 3 
to school on our own testing problems. Our 
sister division produces over 35,000 boards 
a year, as the industry's second largest ship- | 
per of OEM mini-computers. And, using | 
CAPABLE testers, they experience the 
industrys 
lowest | 
percent 
age rate 
of field 
failure. 
So. 
before you 
buy a logic 
board tester, 
compare CAPA- 
BLE's features 
against the others. And 
if you find one (custom- 
builts don’t count) that out- 
features and out-performs us for 
the same price, we'll buy it for you. 
For details, write or call us. In the U.S.A., | 
18651 Von Karman, Irvine, CA 92713, 


















Tel. (714) 833-8830 or in Europe, CAI Ltd., 
Hertford House, Denham Way, Maple 
Cross, Rickmansworth, WD3 2XD 
Hertfordshire, England, Tel. Rick- 
mansworth 71211, Telex 922654. 


ComputerAutomation 


This offer expires Oct. 31, 1976 


Industrial Products Division 


For more information, Circle No. 6 
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It isn't just the wide range of switches. It's 
what Oak will do with them—for you—that 
Should make Oak your preferred supplier. 


You can get switch assemblies mounted 

on a custom PC board or metal bracket, or 
compietely wired with cables, harnesses and 
ofe} al al=Ton Co} corm laloulereliale ms) ¢- (nn) olove me) al pat-Velalialsve| 


parts ready for installation in your equipment. 


And it’s all done in-house on Oak production 
CToTUHT olaat<la) ar-lavemr-\sss-100] 0) ham i alstse 




































































\O) Morel Ui c-\-mmn\1-mer-ta mie) 0]o)hvar-l elm Zee] aecianl el (= 
requirements as well, including an almost 
unlimited selection of switching configura- 
tions, cap legends, styles and colors for 
fe lah core mey am lalitelanceve mcaWAh Colalcice 

Contact your Oak sales offices, distributors 
fo} afex- 1] an ce) amo) dior-mr- Lalo elc1I\ Ula mmlalielaair-lelelar 






































1. Data input keyboard for financial 
systems. Series 400 switches with 
aluminum panel and PC board. 
Special removable caps permit 
rapid legend changes for repro- 
(ol gelaalaniiare p 

2. Banking terminal input device 
using Series 300 switches. Com- 
pletely wired with harness and con- 
nectors. 


3. Data input using Series 475 
switches, flow soldered to cus- 
tomers PC board. 


4. Series 415 and 415 Light Emit- 
ting Diode Switches on PC board, 
WA) dame IiksXei goa (omer) any ole) ai=i ai tsw-lee-leralqve 
olan ey-(01.e : 


5. Program selector keyboard of 
Series 475 switches assembled 
with aluminum panel and printed 
circuit boards used for coin oper- 
ated equipment. 
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6. Series 300 switches, single and 
(oFelare (cre mm ile lalccremotalemelalile jal (cro mmeratal 
be supplied completely wired. 


7. Series 130 switch, for rugged 
applications where more switching 
Capability is required. Terminal 
board is integral part of switch 
assembly. 


8. Microwave oven switch assembly 
with quick-disconnect terminals 
using Series 130. 


9. Facsimile transmission assem- 
'e) Wann Gaim) eXoLeir-lmmantolelalelale me) e-(el.<-1e 
wiring, cable and connector, and 
solenoid for clearing all Series 130 
switches. 


10. Unlighted Series 300 switches 
can be supplied in almost any in- 
conceivable switching combina- 
tion of alternate, momentary, inter- 
Kotor ar-lale mm leles.coleia 








11. Bank security code system uses 
4-lamp, 4-display Series 300 switch- 
es. AS many as 12 switches can be 
prewired, to customer specifica- 
tions, in a single bank. 


12. Very low profile, low cost Series 
415 switches are available in five 
different button styles in a wide 
igclale [ome] Mere) (0) 6-9 


13. Series 415 switches with LEDs, 
ona separate circuit, vastly improve 
error-free operator performance of 
foFs it~ Mal leben (=\alercice 


14. Microwave oven assembly with 
solenoid for latching release, par- 
tially wired to customer require- 
ments. 


15. Series 400 and 475 keyboard 
switches can be supplied assem- 
'e) (=re Ma am @y-1,@m 0] g010 10 (e1-10 mm 0) ¢-(01,.<-1 tee) e 
individually, with or without snap- 
Tamanrelelaieiale ice 


For more information, Circle No. 9 
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SWITCH BIAT RTO) \"| /CRYSTAL LAKE, ILLINOIS 60014 


TELEPHONE: 815-459-5000 8 TWX:910°634°3353 8 TELEX: 72°2447 


SHOOK 











What's the 
right price 


for this 


1 Form A 
dry reed 


_ If we told you it has a premium 
_ quality switch and precision pins 
_ (not bent switch leads) would that 
help? Or that it’s magnetically 
shielded, U/L listed and meets 
-NARM/EIA proposed standards? 
Would it help if we told you it’s 
_ available in both Form 1A and 2A 
with .1” and .15” pin spacing, is 
the most automatically manufac- 
_ tured dry reed relay in the whole 
_ world and is available from stock 
__,..from Wabash? The right price? 
All the prices are right. Theyre 
he under 25, 100 or MORE and 
_ 25,000 prices respectively. 
_ Hard to believe, but true. And we 
have many other types available, 
handsomely priced, to fit your 
needs and budget. So if you'd like 
to know more, write us (on your 
letterhead) for a free sample, or 
call us for a high volume price 
quote and let us show you how, 
at Wabash, the price is always 
right. 













f 
Wabash, Indiana 


Wabash, Inc., 810 N. Cass St., Wabash, Ind. 46922 
TEL:(219) 563-2191 TWX: 810-290-2722 


For more information, Circle No. 12 
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Further adventures of the 


HP-45 crystal clock 


When EDN ran the last of three 
columns (February 20, April 20 
and May 20) on turning an HP-45 
calculator into a stopwatch, we 
thought we’d laid the matter to 
rest. However, the volume of 
mail that came in with questions, 
suggestions (some anonymous- 
ly) and just plain trials and 
tribulations from owners con- 
vinced us we were wrong. So 
here is the latest scoop. 

The modifications shown in 
our May 20 “Signals and Noise’ 
column will work on most 
HP-45’s. However, it seems HP 
produced two calculator ver- 
sions—undistinguishable unless 
you open them up. Thus, if your 
previous modifications do not 
work, try connecting the crystal 
lead to the opposite side of Cs. 
We also note that L, C, and C, 
are installed HP parts. You only 
add the crystal and possibly R, to 
eliminate start-up problems. 

Apparently one of the biggest 
problems is getting the proper 
crystal. HP has informed us 
directly that the part is not for 
sale. Anyone who managed to 
acquire a crystal did so because 
of a glitch in the service-parts 
ordering system (now correct- 
ed). They also stated that 
modifications to any HP calcula- 
tor will void the warranty. 





But for those intrepid tinker- 
ers who are still game, all is not 
lost. Egbert Electronics, 876 East 
900 North, Apt. 15, Provo, UT 
84601, has a supply of the proper 
crystals available for $12 plus $1 
shipping. 

If you’ve already modified 
your calculator, you now have 
more than a stopwatch. One 
reader uses his as a_ regular 
watch. All you do is enter the 
time (up to 12.59): press RCL; 
press CHS, 7 and 8 simultane- 
ously; then press CHS again to 
start it running. Another reader 
mentions that the keys from 0 to 
9,., EEX and CLX all serve unique 
functions in the clock mode. 
Unfortunately, he neglected to 
mention what these are. If 
anyone knows, please drop us a 
line. 

And so goes the saga of the 
HP-45 calculator/stopwatch/ 
regular watch/? Until next time, 
CLR. 


The buzz goes on 


Gentlemen: 

In past issues, | have seen many 
circuits providing a warning 
signal in cars when the head- 
lights are left on after the 
ignition has been turned off. 
Being one who hates the sound 
of buzzers (especially at the 
frequency automotive manufac- 
turers seem to choose), | 


suggest the following simple 
circuit which does not alert the 
driver that he has left the lights 
on; it instead prevents him from 
doing so in the first place. 
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From the leader in power 
device technology and 
innovator in plastic 
packaging... 












(NPN or PN and lead 


~ General Electric’s technology, 
experience and quality 
_ products can serve your 
‘industrial application needs. 
ur Power Transistor Selector 
Guide and factory personnel 
are available for your inquiries. 
ontact your local GE distrib- 
utor or write to General 
Electric Co., Electronics Park, 
Bldg. 7, Box 49, Syracuse, 
NY 13201. 


GENERAL @@ ELECTRIC 
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Take your pick... 








DPST SPDTor SPST 
programmable 


DIP switches 


CTS offers them all...with the addi- 
tion of NEW 2, 3, 4 and 5 section SPDT 
and DPST switch styles. 

A total of 15 Series 206 DIP switch 
packages are now available from CTS 
...7 with SPST actuation, 4 with SPDT 
actuation and 4 with DPST actuation. 
All have 100" by .300” centers for 
PCB or standard DIP socket insertion. 
Gold plated contacts with nickel bar- 
rier assure lowest contact resistance 
throughout life. 

All provide crisp slide actuation and 
reliable, positive contact wiping 


CTS CORPORATION 


ELKHART, INDIANA 
A world leader in cermet technology 
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action. Program up to 10 different logic 
functions with one compact SPST 
package or up to 5 SPDT or DPST 
functions with the identical size 
package. 

Use the quality, reliable CTS Series 
206 for your next computer, computer 
peripheral, communication or test 
equipment switch application. Avail- 
able from the factory or off the shelf 
from CTS Distributors. For complete 
information, write CTS KEENE, INC., 
3230 Riverside Avenue, Paso Robles, 
CA 93446. Phone: (805) 238-0350. 


va ie 
\\ 
{/ \ \ 
| CTs) } 
| 


For more information, Circle No. 13 

















SIGNALS and NOISE 


When the ignition switch is 
on, the normally open contacts 
of the relay are closed. Turning 
the headlight switch on will 
complete the circuit to the 
headlights. When the ignition 
switch is off, however, the relay 
contacts are open, and the 
headlights are off, regardless of 
the position of the headlight 
switch. In case of relay failure, a. 
manual override switch may be 
inserted across the relay. 


Yours truly, 

Henry Bergen, Engineer 
Cox and Co. 

New York, NY 












a s 
AUDIO FREQUENCY 
INTERFERENCE 


Ed. Note: This is one of 58 
cartoons form “‘A Visual Aid To 
Electronics,” by Barry L. Cole 
and Dick Trimarco. 


Heart 
Fund 


American Heart Association 
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ANOTHER REASON HEINEMANN IS NO. 1 IN OEM CIRCUIT BREAKERS. 





THE UP-FRONT BREAKER 


PRECISE PROTECTION IN A PRETTY 
PACKAGE—AND A POWER SWITCH 
FOR YOUR FRONT PANEL. 


Put a Heinemann Type J breaker on your front panel, and you 
get a power switch for free. An ingeniously simple way to cut 
component and assembly costs. There’s just no reason to keep 
your protection under cover when you can get such good- 
looking breakers, with a choice of handle types, colors, and 
mounting arrangements. 

Maybe you think a fuse and a switch would be cheaper. But 
did you ever stop to think how much it costs when your tech- 
nician makes a service call just to replace a blown fuse? An 
easily resettable Heinemann circuit breaker can keep that from 
happening. Saves you money and enhances your product’s 
reliability reputation. 

Remember, too, that nothing works like a hydraulic-magnetic 
circuit breaker—close-tolerance protection and freedom from 
temperature-caused nuisance tripping. Our Type J can be 
custom-tailored to your circuit requirements in any integral or 
fractional rating from 0.020A to 30A at 240V 60 Hz or 400 Hz, or 





Heinemann 


For more information, Circle No. 14 
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65V de. In achoice of four time-delay ranges and seven special- 
function internal circuits. 

Values like the Type J have helped make Heinemann the 
world's most respected name in OEM circuit breakers. Only 
Heinemann gives you such a complete selection of sizes and 
ratings. And now we offer you a choice of protection: electro- 
mechanical, hybrid, or all solid-state. Backed up with Quick- 
Draw delivery (most popular styles and ratings shipped in a day 
or two); the exclusive Heinemann five-year warranty; and manu- 
facturing facilities in the U.S., Canada, West Germany, South 
Africa, and Australia. 

We want to help you get the most for your protection dollar. 
Call us or your nearby Heinemann representative for knowl- 
edgeable applications assistance. For starters request our Type 
J bulletin. Heinemann Electric Company, Trenton, NJ 08602. 


Phone (609) 882-4800. 


We keep you out of trouble. 
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What You Need 
ls What You Get. | 


Ramtek’s new RM9O0O0O modular graphics 
and imagery system gives you 








Process Control: Color printing press. 


Select The Performance You Need. 


The RM9000’'s total modularity lets you select 
the exact performance you need to fill your 
particular application. You pay only for the 
performance you need. Nothing more. And that’s 
like money in the bank. 


Add On As You Have To. 


As your needs change and grow, the RM9000's 
capability will grow right along with them. A 
comprehensive list of options such as expansion 
from black and white to grey scale or color—even 
a complete range of interactive peripherals and 
additional independent channels. 


Microprocessor-Controlled Raster Scan. 


The RM9g000 is the first raster scan graphics and 
imagery system to be totally microprocessor 


expandability, economy and flexibility. 





Medical Imaging: Nuclear heart study. 


controlled. That means you can implement a 
higher-order user language to minimize program- 
ming costs without a sacrifice in system throughput. 


Functional. Reliable. Maintainable. 


High reliability is the direct result of intensive 
testing of components and systems prior to 
shipment. Solid state components and printed 
circuit construction are used exclusively. Result? 
No special preventive maintenance measures 
are required. In fact, the RM9000 can be pre- 
programmed with self-diagnostic capability. 


You Need To Know More. 


To fully appreciate the RM9000's capability, you 
need more details. Call or write Ramtek Corpora- 
tion, 585 N. Mary Ave., Sunnyvale, CA 94086. 
(408) 735-8400. 





mtek 


Our Experience Shows 


For more information, Circle No. 15 
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EDITORIAL 








Standardization: without it, we all lose 


The standardization of form factors, specification definitions and 
minimum performance levels rightfully concern every designer. Yet 
in the marketing world a myopic mania exists: It seems as though 
every company wants to set de facto standards. 

Typically the scenario goes like this: Company A, being the first to 
offer a particular type of product, seeks to capture the lion’s share of 
the business. It also aims at setting a ‘standard’ by virtue of wide 
industry acceptance of its approach. Shortly thereafter, company B 
develops an improved product. However, because B also wants to 
set the standard, it gives its version a different form factor. Or it 
‘‘plays’’ with the specs to make its unit seem better than it actually is. 
Or... 

As time goes on, other manufacturers join the battle, introducing 
products that are basically similar, but not quite the same. All 
companies steadfastly refuse to participate in any discussions of 
standardization, of course. Only after the market shake-out does 
any degree of standardization occur, and de facto standards are 
produced mainly as the result of second-sourcing agreements. 

Such situations have occurred many times in the past. Examples 
include CMOS logic, the 4k RAM and DPM’s. Yet in every instance, 
the lack of standardization hurts everyone: Designers lose because 
they can’t apply the best products to new designs for fear of making 
a nonviable selection; marketing people lose because designer 
caution artificially depresses sales; and the entire industry loses 
because its products are not as competitive in the world market as 
they otherwise might be. 

EDN thinks that manufacturers should take a more mature 
attitude toward standardization. Heartened by recent meetings 
among IC makers aimed at standardizing some 16k RAM parame- 
ters, we encourage marketers to organize similar cross-industry 
conferences in all areas where standards make sense to the user. 

Meanwhile, designers can speed up the process by voicing their 
difficulties loud and often. EDN will make space available in our 
“Signals and Noise’ column for concerned individuals who want to 
make positive contributions in this area. 


el fb 


Walt Patstone 
Editor 


A7. 
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A NEW 
GENERATION 
OF IMAGE 
SENSORS 


SIMPLICITY OF USE - 


Requiring less than a dollars worth of 
circuitry to drive—and barely more than that 
for video processing—is just one of the key 
features of our new “G” series image sen- 
sors. Compare the non-critical single TTL 
clock needed for the “G” device to the 
complex multi-phase clocks prescribed by 
others. 











You need You need 
only this all these 
for Reticon for others 


HALF THE PRICE - 
Or even less will bring you 256, 512, 768, or 
1024 sensor elements on 25 centers or up to 


1728 elements on 15u centers in our “H” 
series. 


SUPERIOR PERFORMANCE - 


Low dark current allowing low light level 
operation, on-chip noise cancellation, and 
smooth spectral response from visible 
through infrared makes this new generation 
the unquestionable choice. 


APPLICATIONS - | 
Page readers, facsimile, OCR, point of sale 
readers, non-contact measurements and 
inspection and many others. 


RETICON’ 


910 Benicia Avenue, Sunnyvale, California 94086 
PHONE: (408) .738-4266 TWX: 910-339-9343 


For more information, Circle No. 20 
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-RCABiMOS op amps. 
They mix technologies 
to match circuit needs. 


BiMOS was born with Op amp category What BiMOS contributes RCAdevice 


our CA3100. On asingle General Purpose Wide applicability. CA3140 

chip we combined Bipolar Low cost. CA3130 

with PMOS—for a more FET Input Lower device cost. CA3140 

cost-effective wide-band- Reduced circuit cost. CA3130 
. Large input voltage range: 

width Op amp. : capability of swinging to 

Next, the versatile 3130. 0.5 V below rail. 


With FET, Bipolar and Wideband High slew rate with CA3140 
CMOS, it can do a tremendous variety of jobs well. 4.5 to 70 MHz low ringing. CA3130 
Latest arrival: our 3140. The most useful op CA3100 
amp since the 741. Able to fill the great mass of Micropower Strobability. CA3130 
op amp sockets, thanks to MOS/FET input and down to 1.5 mW 
Bipolar output. | High Current Eliminates driver stage. CASIO 
: . up to 22mA Low device cost. 
Low-cost, no-compromise circuits Rail-to-rail output swing. 
| BiMOS gives you the best from each technol- : 
ogy without the drawbacks. So you can select 
op amps with exactly the characteristics you need. 
A single op amp can often do jobs that ordinarily 
require many more parts. And that _ 
ability opens up new cost-saving oh 
ways to meet circuit needs. 2 at 3° 
Why pay more than you have to 
for your circuit? Check into BiIMOS. 
Contact your RCA Solid State dis- 
tributor. Or RCA. | 


Write: RCA Solid State. Box 3200, 
Somerville, N.J. 08876; Sunbury-on- 
on-Thames, Middlesex TW16 7HW, | 
England; Ste. Anne de Bellevue H9X 
3L3, Canada; Fuji Bldg., Tokyo, Japan. 


Full House ICs. 


For more information, Circle No. 21 
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We're introducing new products. Some are new developments we’re proud 
to take the credit for, and others we’re simply alternate sourcing. Some 
have broad areas of application and some are highly specialized, but they 
all have one thing in common. Somebody wants them. 


That’s why our line of standards is so broad. That’s why we work so hard 
to offer you the best in reliability. That’s why we led the way with CMOS 
MSI and LSI. Motorola innovates ... Motorola produces. 


That’s the way it’s been at Motorola since we put our CMOS technology 
in gear, that’s the way it is now, and that’s the way we intend to keep it. 
By doing what you want, we get what we want. 


PRECISION 
MAKES IT 
THE SUPER 
ONE-SHOT 





Our new MC14538B is like our industry standard 
MC14528B Dual Monostable Multivibrator, with 
one great improvement. We added PRECISION, 
and made it the Super One-Shot. Pulsewidth vari- 
ation from part-to-part and over the temperature 
range is a mere 0.5%. Not RCA, nor National, 
nor anyone else can match it. 

You’d naturally expect that kind of precision to 
cost a bundle, so maybe the best part of the Super 
One-Shot is actually the $1.76 price. 

Join the swelling ranks of Super One-Shot users 
today. 


For information circle 25. 


ANALOG SWITCHES? | Sans 
PICK THE 
HOT ONES 


Our Austin, Texas 
“Silicon Ranch” is pop- 
ping out great volumes 
of analog switches, and 
we've lined up some hot 
ones. The MC14066B quad 
analog switch/quad multiplexer is now generally 
preferred to the older MC14016 because it has 
significantly lower ON resistance at higher volt- 
ages. Try it at $.70. MC14051B, 14052B, and 
14053B are, respectively, 8-channel, dual 4-chan- 
nel, triple 2-channel analog multiplexer/demulti- 
plexers. All three pin-for-pin replacements for the 
CD4051B, 4052B, 4053B can control analog sig- 
nals over the full supply voltage range, and each 
is priced at $1.15. 





For information circle 26. 
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UPGRADE GATE} 
PERFORMANCE 
WITH CMOS 
SCHMITT 
TRIGGERS. 


NOW THE PRICE IS RIGHT. 


Now it’s practical to upgrade gate performance 
with Schmitt Triggers. The MC14584B Hex 
Schmitt Trigger and MC14093B Quad 2-Input 
“NAND” Schmitt Trigger eliminate race prob- 
lems associated with gate and inverter functions 
like the MC14011 and MC14069 by squaring up 
slow changing waveforms. There’s no need to 
change PC boards; they’re direct plug-in replace- 
ments. Noise immunity also is superior. The 
kicker is price, and you never saw CMOS Schmitt 
Trigger prices like these. Each is $.54. 


For information circle 27. 


HELLO 
BUTTONS - 


GOODBYE 
DIALS 


Both the MC14408 
and MC14409 MSI sub- . 
systems are binary-to- cy 
phone pulse converters. 7 
Kither pairs beautifully with "= 
the MC14419 keypad-to-binary 
code converter in a smooth, effi- 
cient, cost effective keypad pulse dialing system 
with the last number stored for one-push redial- 
ing. Add more memory and a little circuitry and 
it remembers more numbers. No tones required, 
just push the buttons and get controlled dial 
pulses. That’s Motorola innovation in CMOS LSI. 
The 408 and 409 are each $6.98. The keypad 
encoder is just $2.25. 





For information circle 28. 














HAPPINESS IS 

A PLL APPLICATI 
FOR THE 
MC14568B 





Can a CMOS MSI Phase Comparator with Pro- 
grammable Counters find happiness in PLL appli- 
cations? Judge for yourself. The MC14568B is 
barely introduced, yet more than a million units 
are already sold into PLL bliss. Programmable 
divide-by-N counters like the MC14522B and 
14526B extend its counting range and coming soon 
is a dual BCD/binary counter (MC14569B), spe- 
cially designed for operation with the 14568B. 
The plastic MC14568B is an MSI bargain at $2.61. 


For information circle 29. 


CMOS TRANSMITTER SENDS... 
TO REMOTE NMOS RECEIVERS 


MOS LSI remote con- 
14422, select the appro- 
either the MC6525 or the 
e the essentials of a versa- 


itter-receiver system. 
ransmission is by time 
multiplexing five frequen- 


cies over widely spaced 
transmitter channels, preclud- 
ing doppler effect interference. 
Use it for TV or radio, industrial 
controls, security systems, electronic 
games and toys, and anywhere low- 
power remote control is the object. 
The MC14422 carries a $6.10 price tag. 












Start with a 22-chan 
trol transmitter, th 
priate receiver fr 
MC6526, and yo 
tile remote co 


For information circle 30. 


*McMOS is a trademark of Motorola Inc. 


Note: All prices are based on plastic package and 100-999 quantity. 


Semiconductors 


-CMOS reliability at its best. 


2A 





4. Long Life 
108 mechanical 


1. High Sensitivity Ss operations. 


Minimum operating 
power NF2E 190mw, 
NF4E 310mw. 





Ad 


. Plastic Sealed 
With N2 gas enclosed. 


- High Contact 
Capacity 
2 amps @ 30VDC re- 
sistive. Can switch up 
to 220V AC/DC. Avail- 
able in 2C, 4C and 
Form D (MBB) contacts. 


sound advice 
the alarm industry. 





You know better components make a better alarm system. So it pays to 
install the most reliable relays available today: Arrow-M NFE Amber 
Relays . . . supported by our unique and advanced manufacturing 
techniques. They offer you: 

Reliability — The secret is a unique automated modular assembly 
coupled with lift off bifurcated contacts and a rebound absorbing 
mechanism. Installed in a sensitive alarm, it can go unused for long 
periods of time and still work when needed. 

Sensitivity — NFE Amber Relays use only half the power of ordinary 
relays. 

Automatic Wave Soldering — NFE Amber Relays are plastic sealed with 
N2 gas. 

High Packaging Density PC Board Mounting — flatpack NFE Amber 
Relays are only 0.425 inches high. 


The proven dependability and sensitivity of Arrow-M Amber Relays is 
based on more than 50 years of meeting the advancing needs of modern 
technology. So for relays that make it easier to make a better alarm, rely on 
Arrow-M NFE Amber Relays. 


Relays for Advanced Technology 


For more information, Circle No. 22 








5. Negligible 


Chattering 

Lift-off card system and 
rebound absorbing 
structure minimizes 
contact bounce. 


6. Low Stable 
Contact Resistance 
Bifurcated gold clad lift 
off contacts. Applicable 
to low level circuits. 





For evaluation samples, or 

for more information on exact 
specifications, write or call your 
nearest Arrow-M office. 


Arrow-M Corporation 
250 Sheffield Street 
Mountainside, N.J. 07092 
(201)232-4260 


Western Office: 

22010 S. Wilmington Ave. 
Suites 300 & 301 

Carson, Calif. 90745 
(213) 775-3512 





Arrow-M 


Member of Matsushita Group 
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Sometimes, when you don’t see the 
light can save you time and money 


When harsh _ glaring sunlight 
makes it hard to see, you slip on 
a pair of polarized sunglasses to 
solve the problem. But what do 
you do if glare from shiny solder 
on pc boards makes it hard to 
see defects? Well, if you work at 
Western Electric’s Oklahoma 
City Works and inspect thou- 
sands of circuit boards made for 
electronic switching systems, 
you don’t put on polarized 
sunglasses—you switch on your 
VASDIS. 


High-“light” imperfections 

VASDIS, or Video Assisted 
Solder Defect Identification Sys- 
tem, operates on the same 
principle as polarized sunglass- 
es, and greatly facilitates some 
of the company’s required 
inspection operations. 

Any light, whether sunlight or 
fluorescent, is composed of 
both vertical and horizontal 
waves. The horizontal waves, 
bouncing off a surface, are 
responsible for producing glare; 
polarized light eliminates these 
waves and thus the accompany- 
ing reflection. 

Ben Sharp, WE engineer and 
inventor of VASDIS, explained 
the problem. ‘For years, our 
employees had to check the 
hundreds of solder connecttions 
on our circuit boards with the 
naked eye. Reflections from the 
metallic solder surface made it 
difficult to see and catch all 
defects.”’ 

Before VASDIS, Western Elec- 
tric maintained the defect detec- 


Glare is eliminated by illuminating a small area of a circuit board with polarized light, 





then magnifying and projecting it onto a TV monitor. Ben Sharp, inventor of the 
VASDIS unit, is shown adjusting the projected image for best visibility. 


tion rate at about 85% by 
inspecting each board three 
times under a variety of lighting 
conditions. While very impres- 
sive, such a rate proved inade- 
quate because the circuit boards 
in question are used in sophisti- 
cated electronic switching sys- 
tems. Understandably, the com- 
pany goal was near 100% defect 
detection. 


Results are almost perfect 


The VASDIS inspection unit 
comes close—it operates at 
about 99% accuracy. Using a 
video system where contrast is 
easily adjusted for even better 
visibility, VASDIS projects an 
image of the board being 


checked onto a TV monitor. 

The system can also magnify a 
selected board area five times its 
size without distortion. By nar- 
rowing down the field of view to 
an area roughly the size of a 
postage stamp, the system 
relieves eye-strain, as well as the 
need to ‘‘hunt’”’ over a 5X8-in. 
circuit board for errors. 

On top of all these positive 
factors, VASDIS offers another 
plus feature: During board 
inspection, the system allows 
the operator to make _ rapid 
solder repairs. In summary, the 
VASDIS unit will certainly make 
the inspector’s job easier, and 
also save time, labor and 
thousands of dollars a year.—TO 


Pa 
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Acquisition 
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Economy 
PAINI- 

computer 
Data 





Systems 


The ADAC Economy Series of software 


and mechanically compatible mini- 
computer data acquisition systems are 
for use with the DEC PDP-11, PDP-8E, 
F,M, A, and Data General computers. 


* The basic system features include a 
12 bit A/D converter, high speed 
sample and hold, 16 channels of mux, 
DC/DC power converter, bus interfac- 
ing, cable and complete documenta- 
tion. A/D system throughput rate is 
35 KHz. 


Capability of expansion to 64 mux 
inputs, D/As, S & H, programmable 
gain amplifier with auto zero circuit, 
and DMA are optionally available. 


Send for full technical data on the 
Economy Series and other ADAC 
minicomputer/microcomputer data 
acquisition and control systems and 
modules. 


ADAC Corporation, 
15 Cummings Park, Woburn, 
MA 01801 Tel.: 617/935-6668 


GSA Contract Group 66 
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Ambient light furnishes power to 
charge digital watch’s batteries 


A fresh approach to self- 
powering makes a new line of 
digital watches with LED readout 
unique. The units use recharge- 
able batteries instead of throw- 
away types. Also, the ‘solar’ 
cells that charge these batteries 
feature emphasized response in 
the red and infrared region, thus 
providing output under sunlight 
and artificial illumination. 

Matching the battery type to 
charging-source characteristics 
proved a key point in achieving 
successful operation, and P.R. 
Mallory’s silicon-oxide zinc bat- 
tery with trace elements exactly 
fits the need. 

The spectral response of solar 
cells optimized for space or 
full-sunlight operation is gener- 
ally tailored to make use of the 
high level of UV present. For this 
application, however, cells are 
fabricated with deep junctions 


that permit greater response to 
the red and IR content predomi- 
nant in incandescent lighting. 
Even body heat is claimed to 
activate these deep-junction 
cells sufficiently to produce a 
usable charge, raising the inter- 
esting possibility of a self- 
powered pocket watch. 


Proof of the pudding 


Putting this compatible 
“solar’’-cell and rechargeable- 
battery combination to work at 
Pierre Remy of Mt. View, CA 
resulted in their SolarCron™—a 
6-function, LED-readout digital 
watch. This new timekeeper fits 
the same case as the company’s 
digital watches powered by 
throw-away batteries, and 


should operate satisfactorily 
for at least three years be- 
fore requiring battery replace- 
ment.—ED 





Solar-powered watches retain the compactness of those that run on throw-away 


batteries. 


Exposition will spotlight electric 
vehicles of all types and sizes 


Next April thousands of industri- 
al executives and government 
officials from all over the world 
will gather in Chicago to witness 
an event that few people would 


have predicted 10 years ago. 
They will be at the huge 
McCormick Place exhibition hall 
to attend the first International 
Electric Vehicle Exposition and 
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So SASS w FOR EFFECTIVE DISPLAY 
= SS AND CONTROL 


model 4443 
1” display 





model 4424 
0.55” display 


Ll/ LARGE BRIGHT DISPLAY 
LFE series 4400 DPM’s are more readable than conventional LED displays. They 
provide a unique one inch display and uniform high intensity digits. Also, 
gaps between digit segments have been eliminated. 


LOW PRICE, HIGH VALUE 

Use of the latest conversion techniques allows series 4400 to have fewer components 

and single board construction. Technological breakthrough provides proven LFE quality and 
reliability at a new low cost. 


GEEEEEIE=)  — RpM,*F, volts, AC, amps, °C, DC, — — - - -- --------— 


LFE series 4400 DPM’s can accept optional second printed circuit board 

to provide for most signal conditioning conversions. Complete boards available 
for linearized thermocouple, RTD, AC motor speed, power line, 

and other special inputs. 


ACCURATE DISPLAY, RELIABLE PERFORMANCE 

FET high impedance input, multiplexed BCD output, high noise rejection, 
plug-in digits, auto polarity, flashing over-range, automatic zero, space saving 
design, and other features are standard. A lengthly burn-in and 

an exhaustive computer controlled checkout 
insure high reliability. 





Nationwide network of modification/distribution centers provide local 

stocking, modification, and repair. Contact your local representative for | Be 
applications assistance. For complete details on series 4400 DPM’s 
write to LFE Corporation, Process Control Division, 1601 Trapelo Road, 
Waltham, MA, 02154, or telephone 617-890-2000. CORPORATION 


For more information, Circle No. 24 25 








Positions, everyone. 
ew HV 
interconnections. 













With three multiposition high- 
voltage interconnections added 
to the LGH line, our military and 
commercial coverage is broader 
than ever. 

The new /7-position circular 
connector is designed specifically 
for electronic warfare use. Yet, this 
one design is so universally ef- 
fective it’s filling the connection 
gaps in a number of other criti- 
cal military electronics applica- 
tions. 

And consider the 60-position 
quick disconnect. It’s an interconnection first. Compact, 
lightweight, field-installable, for high or low voltage, here’s 
a technological development so ad- 

vanced it’s being used in helmet- 
mounted sites and displays. 







For medical electronics, lasers, industrial machines, and 
the like... the 7-position commercial circular connector. 
Deeply recessed contacts, built-in strain relief. There’s 
nothing else like it. 

No matter what position your product 
is in, we have the HV interconnections 
in the positions and configurations 
you need. For data, contact 
AMP Incorporated, 
Capitron Division, 
Elizabethtown, PA 
17022, (717) 367-1105. 


INCORPORATED 


For more information, Circle No. 31 
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Energy conservation, ecology and econ- 
omy all spur the development and use of 
electromotive power to move people 
and material. The International Electric 
Vehicle Exhibition and Conference will 
display equipment spanning a wide 
spectrum, as this table shows. 


Conference—the largest U.S. 
show ever devoted exclusively 
to electrically powered vehicles. 
Displays will include electric 
railroad gear, personal automo- 
biles, delivery vans, material- 
handling equipment, recreation- 
al vehicles and even hospital 
equipment. 

The new show reflects the 
increasing world-wide interest 
in electric vehicles. Compared 
with equipment powered by 
internal-combustion engines, 
electrically powered vehicles 
offer substantial benefits: im- 
proved air quality, lowered 
noise pollution, greatly reduced 
petroleum consumption, reduc- 
tion in overall energy consump- 
tion, lower cost of operation and 
lower cost of maintenance. 

Because of the great impact 
that the market growth of 
electric vehicles will have on our 
industry, EDN will keep you 
posted on the latest develop- 
ments in this field.—WP 
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solitron Power Hybrids solve 
your space and weight problems 


Solitron offers you new opportunities in hybrid design. 
We can combine our power transistors with low 
power circuitry into one package with no loss of 
thermal performance, and with greater reliability. The 
result is a completely packaged system which allows 
you to meet the tightest size and weight criteria. 


Our engineers know how to design with your unique 
specifications in mind, and are adept in keeping the 
price in line. If your requirements are voltage regulators, 
power amplifiers, logic control circuits, inverters, motor 
controls — or any other circuits — call us. We will 
assist you with a new design, or redesign your existing 
discrete power circuits into cost-saving power hybrids. 





Solitron power hybrids meet MIL STDS. 38510 and 833 
requirements with temperature performance over a 
—55° C to + 125° C range. Our hybrid circuitry has 
proven its reliability in such major military programs 

as TOW, MAVERICK, AWACS, HARPOON, F-4, WILD 
WEASEL, STANDARD MISSILE and TWS, to name 
only a few. We also have extensive experience with 
commercial and industrial hybrid applications. 


Last, in addition to custom hybrids, Solitron offers 
a complete line of standard voltage regulators up to 
5 amps and standard NPN and PNP Darlingtons 

up to 25 amps. Both lines are in TO-3 cases and 
available for immediate delivery. 


olitron 


DEVICES, INC. 


1177 Blue Heron Blvd. 
Riviera Beach, Florida 33404 


(305) 848-4311 / TWX: (510) 952-7610 
Call toll-free 800-327-8462 today. 


1. COPPER FLATPACK, Voltage Regulator, 300W dissipation; current up to 25A; 
voltage up to 100V; thermal resistance as low as 0.35°C/W; overvoltage pro- 
tection. 2. 3-TERMINAL TO-3, Planar Power Darlington, with stability resistors; 
NPN or PNP; up to 30A capability. 3. 3-TERMINAL TO-3, 3A Series Voltage 
Regulator; positive or negative fixed output; 5V to 80V. 4. 16-PIN DIP, 4 Output 
Dual Power Lampdriver; 1A capability; designed for high surge capability. 
5. 30-LEAD FLATPACK, 5A Voltage Regulator; insulated beryllia bottom; 5V to 


SOV; positive, negative or both. 
ALL ILLUSTRATED PACKAGES ACTUAL SIZE AND PROVIDE: 






high circuit flexibility; multiple power chip capability; alumina or beryllia ceramic 
substrates; high reliability; hermetic seal; gold-silicon eutectic alloy die attachments; 


ultrasonic aluminum lead wire attachments. 


For more information, Circle No. 32 
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A computer in every home? Thanks to the C-hobbyist 
boom, it’s coming a lot faster than you might imagine! 


John Conway, Associate Editor 


The introduction of the wP 
caught most discrete (7400, etc.) 
digital-logic designers and _ al- 
most every OEM with their 
proverbial pants down. Manage- 
ment in many companies (with a 
few exceptions), not knowing if 
the »P would fly or die and 
unwilling to risk substantial 
amounts of capital on an 
unproven device, usually per- 
mitted only one or two staff EE’s 
to investigate the “bug” on 
company time. This effectively 
shut out the remaining. staff 
members from a_ budding 
technology—designers who 
were rapidly coming to realize 
the P's significance. 

This scenario repeated itself in 
the educational/student realm as 
well. The result? Faced with the 
possibility of being left in the 
‘“‘daedalian dark,” many “shut- 
outs’’ purchased components 
and assembled systems with 
their own funds—learning the 
in’s and out’s of the micropro- 
cessing game during their spare 
time. 

Much to their surprise and 
chagrin, these do-it-yourself 
wP’ers. discovered they’d en- 
rolled in the School of Hard 
Knocks (component/system 
availability, reliability and docu- 
mentation were in a tragic state). 


The hole becomes a dough-nut 


In December 1974, Popular 
Electronics Magazine published 
plans for a very low-cost 
terminal suitable for a kit-form 
microcomputer (new buzzword) 
that would be described in their 
January issue. Within days, 
readers overwhelmed Micro- 
Instrumentation Technology 
Systems’ (MITS) 20 employees 
with letters requesting addition- 
al info on the 8080-based $990 
Model ‘’8800.”’ 
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“After the January issue hit,” 
recalls MITS V.P., Dave Bunnell, 
“we sold like crazy.”’ 

Why the popularity? MITS had 
inadvertantly created a product 
that eliminated the bulk of the 
nuts/bolts/documentation _has- 
sle—exactly what the machine 
“shut-outs’’ demanded. Within 
weeks, other companies— 
including IMS _ Associates, 
Southwest Technical Products, 
Sphere, and the Digital Group 
(many founded by _ shut-outs 
themselves)—jumped on_ the 
bandwagon. Like MITS, most 
were small, garage-sized, hob- 
byist-oriented firms or compa- 
nies formerly involved in wP 
research and development. 

In a fashion reminiscent of 
the post-WW II surplus boom 
(that created manufacturers such 
as Hewlett-Packard, et. al.), a 
whole new “cottage industry” 
sprang up overnight. 


The computer store arrives 


“The world’s first consumer- 
computer store’’ opened its 
doors in the summer of ’75. 
Public response was incredible 
and business was far better than 
owner/operator/custodian Dick 
Heiser had ever imagined. 

“Il tried to be as optimistic as 
possible,’” he said, “but that 
turned out to be too conserva- 
tive. You have to be wildly 
optimistic.”’ 

Now, rather than having to 
wait months for a back-ordered 
MITS 8800 or SWTP 6800 etc., 
microcomputer buffs could in- 
spect, fondle, and purchase the 
calculating engine of their 
choice—over the counter. More 
importantly (as many distribu- 
tors discovered), customers 
could present technical prob- 
lems, swap software or just 
shoot-the-breeze with store 


owners—a nice personal touch. 
Like their hobby-~C manufac- 
turer parents, these stores 
began to proliferate as well. 

Computer stores in high- 
technology regions—such as 
Massachusetts and Southern 
California—found themselves 
with standing-room-only crowds 
of ‘‘BS’’-ing customers at lunch- 
times and after working hours. 

‘‘Gadzooks!’’ someone 
thought, ‘‘Why not form a 
club?”’ 


Walk tall and carry a big club 

As you might imagine, clubs 
sprang up, attracted all sorts of 
people, and well, we’ve just 
caught up with the present. 

What happens at a computer 
club and why the tremendous 
interest? 

We can answer the latter in 
five words, ‘The Power of the 
Masses.’’ Hobbyists quickly 
learned the meaning of the 
phrase ‘substantial discounts in 
OEM quantities’’ and pounced 
on it with a fervor quite 
surprising to unassuming semi- | 
conductor houses and other uP 
suppliers. Many ‘‘computerists”’ 
(a term coined by the New 
England Society—NECS) need 
memories, peripherals, and 
hardware that quantity buying 
can place in their hands with 
savings as high as 60% off list. 


Do hobbyists spend money ? 

Recent estimates show that 
the average computerist has 
already spent $1000 to $2500 on 
his hobby—often blowing (a 
computer hack term) $500-$800 
in one sitting! 

The power of the masses 
works in another way, too. As a 
group, club members usually 
separate into two. piles— 
hardware-oriented types and 
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We've just revolutionized 
digital troubleshooting. 





This time we’ve done it with a Current Tracing Probe 
and a Multi-Family Logic Pulser, Probe and Clip. 


HP’s hand-held logic troubleshooting 
instruments bring dramatic new capabil- 
ity, speed and convenience to locating 
logic faults. Use them alone or as a 
synergistic team to save time, money 
and frustration. They're the latest wave 
of the IC troubleshooting revolution 

we started when we introduced the first 
logic probe, logic clip and logic pulser. 


A Probe that Traces Current! As shown 
above, the Model 547A Current 
Tracer’s tip lights when on or near a 
conductor carrying digital current 
pulses from 1 mA to 1A — in any logic 
family. Now you know where the cur- 
rent’s flowing so you can quickly fix 
stuck nodes without cutting circuit 
board traces or removing and often 
damaging good ICs or micro- 
processors when searching for bad 
ones. Now you can quickly find solder 
bridges and backplane shorts, trouble- 
shoot wired AND/OR busses or 
three-state busses. 


A Logic Pulser That Does More Than 
Just Give Single Pulses. The new 546A 
Programmable Logic Pulser (above) 


gives one pulse, a 1,10 or 100 Hz pulse 
stream, or a burst of exactly 10 or 100 
pulses. Now you can rapidly set your 
circuit to any state you wish. It’s a 
voltage and current source that provides 
the controllable stimulus you need for 
troubleshooting. It'll drive TTL or 
CMOS high nodes low or low 

nodes high. 





New Multi-Family Logic Probe. The 
HP 545A tests most positive families 
including TTL and CMOS. An unam- 
biguous single lamp at probe's tip 
quickly indicates logic high, low, bad 
level, pulses, pulse trains. Its built-in 
pulse memory catches elusive transi- 


tions that occur when you're not looking. 


New Multi-Family Logic Clip. The 
Model 548A’s 16 LED s show logic states 
of 16 IC pins at once, revealing the cir- 


For more information, Circle No. 33 


cuit’s truth table. It automatically adapts 
to TTL, RTL, CMOS and HTL and 







automatically seeks Vcc and ground. It 
draws <15 yA per pin, yet is overload 
protected to 30 Vdc. 

Prices: HP545A $125, HP546A $150, 
HP547A $350, HP548A $105, Domestic 
U.S.A. 

Get full details on how this new revo- 
lution can help you. Call your nearest 


HP field engineer today or write. 
02604 


HEWLETT (np; PACKARD 


Sales and service from 172 offices in 65 countries. 
1507 Page Mill Road, Palo Alto, California 94304 


For assistance call: Washington (301) 948-6370, Chicago (312) 677-0400, Atlanta (404) 434-4000, Los Angeles (213) 877-1282, Toronto (416) 678-9430 





software-oriented types. With so 
many similar-interest people in 
one place as well as a large 
variety of practical knowledge, 
meetings permit members to 
“brain pick’; i.e., learn from 
each other’s mistakes. Thus, 
hardware freaks learn from their 
soft-headed comrades and vice 
versa. Everybody’s happy. 

But we still haven’t answered 


the ‘‘what happens at a meeting” 
question. Let’s follow a session 
from start to finish. 


A logical kind of seminar 


Meetings are usually held in 
“temporarily donated’ corpo- 
rate or college auditoriums or 
cafeterias once or twice a month 
around 7 PM. They begin with 
five to 10 minutes of routine club 


How many ITT Components 
Group PZSM 
PCB relays can 
fiton the head 
ofasingle 
Potter & 
Brumfield T10? 


[ ] Three L] Five 
Pr Our... bom, 


Six PZSM relays from ITT Compo- maybe using now. 

nents Group can fit on the head of To get the relay that fits your func- 
one Potter & Brumfield T10. Yes, six. tions... PZS5M;RZ,-LZ,/or MZs:2 
When it comes to designing low- check the chart below. Call or write 
profile PCB relays for low-level Bob Scanlon today at (617) 688-1881 
communications switching applica- for yourcomplete relay catalog and 
tions, ITT knows the value ofreales- free relay samples. Tell Bob you 
tate. Reliability, speed, lowcost,and wantto experiment with the better 
long-life expectancy. . . four alternative. And try our six-on-one 
designed-in features thathelp make _ test yourself. ITT Components 

the PZSM a better alternative to the Group, 1551 Osgood St., No. An- 
over-sized, over-poweredrelay you dover, MA 01845. 


fee as Le ERM. OF LET TR ITT/LZ ITT/MZ P&B/T10 





























SIZE 

Height 0.36 in. 0.43 in. 0.56 in. 0.39 in. 0.37 in. 

PCB Space 0.29 in.? 0.30 in.? 0:2 4a." 0.25 in.? 1.78 in.? 

CONTACTS 

Load 0.5A 1A 3A 1A 3A 

Form 2C twin 2C crossbar | 1C hey 2C twin 

Material Au-Ag alloy} Ag Ag Au-Ag Au flash Ag 

COIL 

Voltages 5-6-12-24 4.5-6-12-24 | 5-6-9-12-24-48 | 1.5-3-5-6-9-12-24 | 6-12-24-48 

Average Power | 170mW 525m W 330-450mW 450m W 300m W 
EI E 

Mechanical 200 x 108 100 x 108 20 x 10® 10 x 108 100 x 10 

Electrical 1 x 108 1 x 108 0.5 x 10 0.5 x 108 1 x 108 

COST , 

$2.50 $1.85 $1.20 $1.10 $2.60* 









“Using normal discount schedules. 


We're listed in sections 4500 and 1500 in your 1976-77 EEM Catalog. ry 
Components I 


When you need relays, our better alternative will be your first choice. 






For more information, Circle No. 34 
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business but quickly get to the 
main event—one or two techni- 
cal sessions presented by indi- 
viduals well-versed in a topic of 
particular interest (like TTY 
maintenance). Remarkably pro- 
fessional, the sessions last 30 to 
60 min. with questions and 
answers allowed throughout. 

An “intermission” of 10 min- 
utes or so often follows, at 
which time the ‘‘hustlers”’ in the 
group can sell surplus hardware, 
software or other ‘‘junque.” 

Intermission concludes with a 
‘‘mapping-session,’’ a rather 
unique Q and A séance where a 
club member can stand, relate a 
problem such as: ‘‘My F8 won’t 
run,”” and hope to have some- 
One across the way stand and 
reply...‘l_ know what’s wrong! 
Let’s talk.’”’ ‘‘Klugey’’ as it 
sounds, ‘‘mapping’’ really 
works—saving many ‘‘hacks”’ 
countless hours of hard and soft 
debugging. 

Mapping terminated, the club 
members break up into smaller 
groups for more specialized 
discussion. One ‘‘microsession’’ 
team might talk about wire- 
wrapping, another about the 
Motorola 6800, another how to 
“roll your own” pc boards, still 
another the intricacies of a Star 
Trek space-war game. 

The microsessions bring the 
meeting to a close as many 
discussions go on until the wee 
hours. 


Where do we go from here? 

Is the computer hobbyist a 
flash in the pan or the beginning 
of a ‘new breed?” Most industry 
sources, skeptical until only 
recently, now predict that the 
computerist is definitely here to 
stay. In fact some crystal-ball 
gazers foresee ultra high-level 
language consumer-computing 
‘Information Centers” in homes 
as early as 1980, with sales 
exploding possibly faster than 
present-day personal calculators 
and citizen-band radio. O 
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Lower 





the cost 
of multi-channel 
- communications. 





Our Digital Frequency Synthesizer plus afew components 
give you 40 CB channels meetingnew FCC specs — 
or over 150 channels if you need them. 


Take a long, hard look at our Digital Frequency 
Synthesizer. Needing only a few external compo- 
nents to create over 150 channels, it can reduce 
your manufacturing costs—with absolutely no 
performance compromises. In fact, its phase- 
locked loop performance characteristics will 
likely prove superior to. strictly-crystal 
implementations. 

Operating from an internal 10.24 MHz oscil- 
lator, our Synthesizer comes in two models: the 
7139 provides for 5 kHz or 10 kHz channel 
spacing—while the 7149 features a fixed 
10 kHz spacing, along with a 5.12 MHz output 
for single-crystal CB implementation. Channel 
selection in both models is accomplished via 
eight binary input lines. And through sample- 
and-hold phase detection, the VCO outputs 
achieve exceptional low-phase noise without 
the use of troublesome active filters. 

We do it with our special brand of Large Scale 
Integration called High-Density CMOS (HD/ 


CMOS). Combining multi-level interconnects 
with milliwatt logic, HD/CMOS effectively inte- 
grates into a single IC, all digital functions 
required for highly stable, phase-locked loop 
frequency synthesis. 

Exceeding all FCC requirements, our HD/ 
CMOS Synthesizer is ideal for a wide range of 
applications—from 40-channel CB transceivers 
to communications satellites. For complete 
technical specifications and pricing information, 
ask for Communications Product Marketing at 
(408) 247-5350 or Telex 910-338-0154 


MICRO 
POWER 





SYSTEMS 


3100 Alfred Street, Santa Clara CA 95050 


For more information, Circle No. 35 
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SORENSEN 


IS THE SOURCE: 


FOR RELIABLE OPEN- 





SOC, our new line of open-frame power supplies: 


e Standard voltage and package sizes 

e 115/208/230 Vac input standard 

e Made in U.S.A. with quality components 

e No overshoot with turn-on, turn-off or power 
failure 






Output Current (Adc)* 


2V 3.0 2.4 1.8 
2V 












SOC 12-1.6 ; : 
SOC 12-4.0 12V 4.0 3.0 
SOC 12-6.0 


SOC 15-1.5 ; 
SOC 15-3.0 15V 3.0 2.6 
SOC 15-5.0 


SOC 24-1.0 
SOC 24-2.2 
SOC 24-3.5 


SOC 28-0.8 
SOC 28-2.0 
SOC 28-3.1 


* Free-air rating — no external heatsink. 





















** +5% adjustable. 


Call us for OEM discounts: 
(603) 668-4500. 


Sorensen 


S$ 
~63iay SSA 


2utruy 9 2 ay 


$6Ooy7 24 





676 Island Pond Rad., 
Manchester, N.H. 03103. 


FRAME POWER SUPPLIES. 


¢ Stocked for immediate delivery 

e Conservatively designed and rated 

e Low heat dissipation, high temperature stability 

e One-year warranty, worldwide service organization 
e UL recognized 


Common Specifications: 

AC Input Power: Vac 105-125, 190-226 , 210 
to 250 available by using taps on transformer. 
Frequency 50 to 63Hz. (Derate 10% at 50Hz.) 
Voltage Regulation (comb. line and load): 
+0.15% + 6mV for 105 to 125 Vac and 100% 
load change. 

Voltage Ripple and Noise: 1.5mVrms, 5mVpp. 
Temperature Coefficient: 0.03%/°C. 

Drift (24 hours): 0.2% after 1-hour warm-up. 
Remote Sensing: 100mV maximum drop in 
each leg. 

Operating Temperature: 0°C to 60°C. 

Storage Temperature: —20°C to +85°C. 
Overvoltage Protection: Available on all mod- 
els except 2 volt. Specify by adding ‘“VP”’ suffix 
to model number and add $8 to unit price. 
Current Foldback: Automatic, factory-set to 
140% of rated (40°C) output current. 

Cooling: Convection. 

Finish: Black anodize. 











For more information, Circle No. 36 





Programmed dicing saw slices wafers 
easily and precisely with wP’s help 


The Model 1000, an innovative, programmed 
dicing saw introduced by Micro Automation, Inc. 
of Santa Clara, CA, uses three wP’s to cut wafers 
up to 5.25 in. in diameter. This saw achieves new 
levels of yield, speed and automation; and, 
unlike in traditional scribing and breaking opera- 
tions, Model 1000 produces an undisturbed chip 
array ideal for automated bonding techniques 
and reduces irregular crazing. 

Controlled in four axes (X, Y, Z, and @), the 
device either completely separates the dice, or 
cuts far enough into thick, large diameter wafers 
to eliminate cracks that could reduce yield. 


Reduce potential operator error 
To run this unit, an operator first mounts a 





44-KEY 
KEYBOARD 


HOUSEKEEPER uP 
6800 


wafer on the vacuum chuck and aligns the 
specimen while observing the operation through 
a microscope. He then enters the desired die 
dimensions, cutting speed and other data which 
simultaneously appear on the 6-digit LED display; 
and if correct, feeds them into the programmed 
instruction set. The Model 1000 then finishes the 
job with no further operator assistance other than 
pushing the “‘CUT” button. 

This unit offers a number of features over 
conventional dicing saws as a result of micro- 
processor implementation: It accepts program 
inputs in either English or metric units without 
hardware changes, and affords very high resolu- 
tion for exact cutting of the odd chip sizes that 
result when a semiconductor firm ‘“‘shrinks’’ its 





6-DIGIT LED 
DISPLAY 






DICING SAW POWER SUPPLY 
VACUUM 


WATER 








STEPPING CHUCK SAW STEPPING 
MOTOR LEFT-RIGHT IN-OUT MOTOR 


STEPPING CHUCK CHUCK STEPPING 
MOTOR ROTATION UP-DOWN MOTOR 


| MOTOR DRIVER 
Y-AXIS 
MOTOR CONTROL uP #2 
6800 


7 MOTOR DRIVER 
Z-AXIS 





Most of the electronics for this system sit on three boards, each containing a single 6800 microprocessor. The ‘housekeeper,’ 
however, controls the entire system; the other two are used only to run the motors. 
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mask for greater numbers of dice per wafer. 

The saw cuts at variable velocities: fast through 
the center of the wafer but slow when entering or 
leaving it to prevent cracking or chipping. The 
unit also scans only the actual wafer area rather 
than a large square, increasing throughput. 


This housekeeper runs the show 


Closed-loop stepping motors that increment 
200 times/revolution control saw. movement in 
the four axes. Two 6800 microprocessors, one on 
each motor-control board, act as _ peripheral 
controllers for these motors. Data speed con- 
straints, however, allow each 6800 to control only 
‘two such motors, and even then, both cannot run 
at full speed simultaneously. A third 6800 handles 
other ‘‘housekeeping’”’ functions such as scan- 
ning the panel, watching limit switches and 





An attractive front panel on the Model 1000 programmed 
dicing saw allows entry of program operations on the left, 
while push buttons on the right permit complete control of 
the entire process. The operator reads lighted indicators to 
receive instructions and follow operation progress. 





making calculations besides maintaining total 
system supervision. 

This system currently uses EPROM, but plans 
include provisions for PROM or even ROM as 
program and function development wraps up and 
volume grows. The random access memory 
utilized for slicing-data storage operates from a 
separate, always-on power supply so that the unit 
maintains overnight storage. 

A watertight plastic panel with integrated flexi- 
ble push switches common to many calculators 
protects the saw’s control panel. A program input 
group, an operating control group and a standard 
decimal keyboard facilitate machine set up, while 
prompting lamps assist the operator through the 
short process sequence and give notification of 
any errors. 


Software needs development time, too 


Micro Automation’s Barry Gottlieb noted that 
this was MAI’s first venture into wP’s, and he 
discussed some of the surprises the company 
found: ‘‘Software presented our biggest 
problems—not that these couldn’t be solved, but 
the time required was unexpected. We spent five 
months, from the first rough drawings to final 
assembly, to build the prototype. We then had a 
unit that sat there, smiled, and looked pretty— 
but couldn’t do anything because we hadn't 
finished developing the software! That, too, 
required a total of five months, just as long as 
hardware development. But this was our first 
attempt at working with microprocessors, and we 
expect the knowledge we've gained to give us a 
big competitive edge in any future efforts.”’ 


uP replaces cam controller in 
environmental test chamber, adding | 
simplicity plus accuracy 


Until recently, programming an environmental 
test chamber required much time and patience. 
But Tenney Engineering, Inc. of Union, NJ 
recently introduced its DigiTenn programmer, 
which allows software-control development at a 
fraction of the time of a standard cam-driven 
system while amplifying control capabilities many 
times over. 


Programming with a saw and a file 


A cam controller consists of a circular disc 
(12 in. in diameter) which rotates on a cycle that 
can be hours or days long. A resistive network, 
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whose value is regulated by the loacation of an 
arm on a track cut into the cam, sets the value of a 
particular parameter, usually temperature, hu- 
midity or pressure. 

A cam, however, requires more than a quick 
“cut’’ to program. The programmer makes the 
initial cut high, then files the metal or plastic disc 
down until he finds, by trial and error, that the 
cam gives the correct instructions. A typical 6-in. 
cam radius may represent a temperature span of 
—125 to +350°F, (almost 80°/radial-in.), so the 
smoothness of a single cut can make several 
degrees’ difference. Thus, when concerned with 
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FLUKE PROVES AN INEXPENSIVE, 
HANDHELD DMM 
CAN BE BUILT WITHOUT LEAVING 





Let’s face it. 

Before now, if you bought an inex- 
pensive, handheld digital multimeter 
you didn’t get much— they just left 
most everything out. 

We knew that was no answer. 

So we built the 8030A 3%-digit 
DMM. It’s a small, portable, inexpensive, 
handheld DMM, but it performs like our 
benchtop units. 

With one basic difference. The 
8030A was designed, built and tested to 
a size and shape proven best for field 
service and laboratory technicians. There’s 
a built-in hood that can be slipped forward 
to shade the readout in sunshine. It has 
rms capability. The best overload pro- 
tection. Diode test. It weighs 2.2 pounds, 
and will take a beating without failing. 
Finally, we guarantee accuracy specifi- 
cations for one year. 


And it only costs $235”. 

True rms. Fluke 
1-year accuracy specs. Fluke 
High voltage protection. Fluke 
Diode test. Fluke 
A full line of accessories offering rf voltage, 

high current ac, high voltage dc, and 

temperature measurement probes. Fluke 


There’s only one place to go for all the per- 
formance you need in a handheld DMM. 


There are measurement functions 
in five selectable ranges for de volts, 
ac volts (true rms), dc current, ac cur- 
rent (true rms), and resistance. DC volt- 
age measurement is from 100 uV to 
1100V with basic accuracy of +0.1%, 
ac measurement is from 100 uV to 750V 
rms with basic accuracy of +0.5%. DC 
and ac current is from 100 nanoamps to 
1.999 amps with basic de accuracy of 
+0.35% and basic ac accuracy of +1%. 
Resistance measurement is from 100 milli- 
ohms to 2 megohms with a basic ac- 
curacy of +0.4%. 

We added true rms response for ac 
measurements. Specified accuracy 
is still attainable when the measured 
waveform is distorted. 
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~ “Bluke does the impossible again.’ 


There is extensive overload pro- 
tection. It has been tested with tran- 
sients up to 6000V peak across the 
input terminals. 

Options include two battery opera- 
tions: a rechargeable NiCad for 8 hours 
operation and throw-away alkaline cells. 
Accessories include probes for measure- 





EVERYTHING OUT. 


ment of rf voltages, high current ac, 
high voltage dc and temperature. 


8OT-150 Temperature Probe 


Sensitivity: 1 mV/°C or 1 mV/°F 
Accuracy: 
+15°C to +35°C = +2°C(3:.6°F)—25°C to 
ambient: bh LZ: OC Ger) 


— 50°C to —25°C and 
+125°C to +150°C 
O°C to 15°C, 35°C Add 1°C(1.8°F) to 
to 50°C ambient: above 
You can also get temperature measuring 


capabilities with the 8030A. 
And because the 8030A gives you 


so much in performance, let us remind 
you once more of the price. 

Only $235%. 

For the first handheld DMM that’s 
small in size, small in price, but huge 
in performance. 

For data out today, dial our toll-free 
hotline, 800-426-0361. 

John Fluke Mfg. Co., Inc., P.O. Box 
43210, Mountlake Terrace, WA 98043 


Fluke (Nederland) B. V., P.O. Box 5053, 
Tilburg, The Netherlands. 
Phone: (013) 673-973 Telex: 52237 


"U.S. price only. 








A NEW ADVANCE. 8030A DMM. [ELUKE], 


For demonstration, Circle No. 37 
For literature, Circle No. 38 
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ROM 
(2k x 8) 


18-KEY KEYBOARD 








RAM 
(256 x8) 


CLOCK/TIME BASE 
INTERRUPT 


2650 uP 
DISPLAY 
+S 
EVENT DRIVER 
DAC DAC 
RELAY DRIVER 
8-BIT ADDRESSABLE 
LATCH 
0-5V 0-5V 
SETPOINT SETPOINT 


1-7 OPEN COLLECTOR 
24V 75 mA SWITCHES 


Besides its ease of programming, the DigiTenn offers great output capabilities. The relay drivers activate external equipment 
while the DAC’s act as setpoint controllers—one for temperature and the other for temperature or humidity. 


precision control, cam programming can be 
difficult as well as time consuming. 

The cam approach also encounters rate-of- 
change limitations. An arm cannot track the 
transition from a low point to a high point except 
over at least several minutes of time; instantane- 
ous changes are impossible. Closely regulated 
rates of change also present difficulties. 

The advantages of a wP controller over the 
mechanical system thus stand out sharply: To 
program the DigiTenn, one need only write in a 
series of program points using the 18-key key- 
board. These points represent specified combina- 
tions of time and other parameters, with each 
adjacent point modifying one or more of these 
parameters. No restrictions on rate-of-change 
exist, and upon predetermined conditions, the 
DigiTenn activates peripheral equipment, such as 
shakers or the test specimen, without the external 
timers required by conventional controllers. 

These significantly greater capabilities make the 
DigiTenn particularly well suited for high- 
accuracy testing, as in military specifications. 


Efficiency, not speed, counts most 


Tenney went to Research Inc. of Minneapolis, 
MN for assistance in developing this system’s 
electronics. Project engineer Clarence Lilienthal 
explained that this application does not require 
great speed, but does demand efficient memory 
utilization. Thus, the powerful addressing modes 
of the Signetics 2650 contributed to the selection 
of this 8-bit n-channel processor. 

The 2650 chip accepts up to 16 program-point 
inputs (expandable to 40) and routes each into 
eight bytes of RAM. Defining the environmental 
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chamber’s routine, these points are either typed 
in on the keyboard or, for common routines, read 
from a PROM. Upon receipt of these points, the 
uP performs a straight-line approximation be- 
tween them to define the complete control- 


Has a pP helped YOU Iately? 


EDN’s »P Application Ideas section appears 
as a regular feature of every issue, present- 
ing a designer’s view of microprocessors in 
action. We select unique and interesting 
applications that illustrate the many differ- 
ent ways that wP’s are being used in new 
products or systems. Emphasis is on the 
functions handled by the uP, features of the 
product or system made possible by the uP 
and advantages of the wP approach over 
others. 

Have you designed and developed an 
interesting wP-based product? If you have, 
then please tell us about it. Your description 
should state the problem, indicate previous 
or alternate solutions (if any), explain basi- 
cally what the uP is doing, discuss the wP’s 
advantages and describe any design difficul- 
ties encountered. Concentrate your remarks 
on the pP. To complete your story, please 
include a block diagram and at least one 
black and white photograph of the product. 


Send your entries: 
uP Application Ideas 
EDN 
221 Columbus Ave. 
Boston, MA 02116 
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IT WAS BOUND TO CAUSE 
DOUBT, CONFUSION, WORRY AND 
A LITTLE PANIC. 


Before the 6011A came along, a lot 
of people thought they knew who made 
the best signal generator. 

Now, there’s doubt and confusion. 

We started with the best everyone 
else had. Then, we began our serious 
design work on the 6011A —a new, 
microprocessor-based signal generator. 
And along the way, we also solved the 
problems of setting frequencies and 
amplitudes. There had to be less dialing, 
and no time standardizing. We decided 
to get rid of all the unnecessary 
adjusting. And let the microprocessor do 
the work for you. 

People are finding they can’t just 
buy that comfortable old name, with the 
same old features. Fluke has a signal 
generator that does a whole lot of things 
that no one else can do. 

Read on. You'll see why the 
competition is a little panicky. 

The 6011A performs the functions 
of an oscillator, counter and level meter 
setup over a range of 10 Hz to 11 MHz, 
within amplitudes ranging from 0.4 
millivolts to 5 volts rms and —55 dBm to 
+27 dBm. And does it fast. 

The microprocessor stores up to 
nine combinations of output settings in 
memory. That’s frequency and amplitude 
combinations, with modulation and 
range settings. Particularly important for 
repetitive tests at several frequencies and 
amplitudes. Less time. No operator 
error. A push of the button recalls the 
setting. 

We had a few people test the 
6011A. Using the 6011A recall 
capability, they could call up nine 
different frequency and amplitude 
combinations within four seconds. 

Once the setting is called up, edit 
control lets you modify your frequency or 
amplitude with a simple turn of a dial. 
Any decade, as indicated by the brighter 
digit on the readout, can be changed. 
Increment or decrement with complete 
carry and borrow capability. And a 
recalled frequency or level can be 
modified without changing the original 
stored entry. 





“How much better can a signal generator 
be?”’ 

The reference mode lets you add or 
subtract frequencies or levels relative to 
previously entered references. 

Level limit eliminates damage to 
sensitive devices. The operator can’t use 
an output greater than a pre-programmed 
safe limit. 

The 6011A is designed for free form 
entry of volts, millivolts, dBm, Hz, kHz, 
and MHz. For example, output levels 
entered in volts can be modified in 


decibels to a resolution of 0.01 dB. The 
user can select volts peak-to-peak or rms 
volts terminated in 50 ohms or open 
circuit. Maximum open circuit voltage is 
28.28 volts peak-to-peak. At 11 MHz! 

Accuracy is so good there’s no need 
for output verification. An rms sensor 
controls the output accuracy to better 
than +0.05 dB. Frequency response is 
flat to within+0.025 dB from 100 Hz to 
5 MHz. Output frequency accuracy is 
within 3 ppm over a one-year period and 
a wide temperature range. 

Finally, we kept the price way 
down. At $3995*, the 6011A is 40% less 
than anything remotely comparable. 

About now, are you beginning to 
feel you’re going to expect a lot more 
from your next signal generator? Well, 
ask for a6011A demonstration first. 

And find out how much you can 
expect from a signal generator. 

For data out today, dial our toll-free 
hotline, 800-426-0361. 

John Fluke Mfg. Co., Inc., P.O. Box 
43210, Mountlake Terrace, WA 98043 
Fluke (Nederland) B.V., P.O. Box 5053, 
Tilburg, The Netherlands. 

Phone: (013) 673-973 Telex: 52237 


"U.S. price only. 





INNOVATIVE 6011A SIGNAL GENERATOR 


For demonstration, Circle No. 42 
For literature, Circle No. 43 
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Environmental test chamber controller developed by Tenney 
Engineering, Inc. offers quick easy programming in a small 
attractive package. This unit can also replace controllers on 
existing environmental chambers with minimum retrofitting. 


function curve, then actually regulates the cham- 
ber with seven event (or relay) drivers and two 
D/A converters. Information concerning event 
status, the D/A outputs, program step, time into 
program or other functions appears on a 3-1/2- 
digit display. 

A crystal-controlled time base establishes time 
of day as well as relative program time; thus the 
chamber may be programmed to automatically 


activate at any specific time. 

The 2650 makes no special external interface 
demands, and the chip itself is relatively inexpen- 
sive. As a static processor, able to advance one 
clock step at a time, the device was easy to 
breadboard and troubleshoot, Lilienthal added. 

One slight problem did crop up during devel- 
opment, however. Research Inc. found that the 
2650 needed an assist (in this case, a 3-step 
program in RAM) to return to the main program 
after an interrupt. (Signetics responded that this 
situation will soon be remedied in the 2650A, 
whose instruction set will include two additional 
commands that make a return more efficient.) 


wP saves on extras 


Along with outperforming its mechanical fore- 
runner, the pP system with either one- or 
2-parameter control capabilities also costs about 
$800 more than the cam-controlled system. How- 
ever, during an event-activation situation where 
the cam-controller would require additional 
equipment, this price differential may drop below 
20%, not very significant when considering the 
ability and accuracy provided by the pP system. O 


Article evaluation: Please circle one on R.S. card. 
Read Some—No. 301 Read Most—No. 302 
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customers 
ack 3 lot 


AND WE 
FURNISH IT! 
Reeves-Hoffman builds 
monolithics to military 
specifications - and then 
some. And we can supply a 
mountain of test data. When 
your requirements are tight, 
talk to Reeves-Hoffman. Call, 
write or cable for information. 


(3 REEVES-HOFFMAN 


Division, Dynamics Corporation of America 
38 


400 W. North St., Carlisle, PA 17013 U.S.A. 
Phone: 717—243-5929 TWX: 510-650-3510 





For more information, Circle No. 44 













BETTER CRYSTALS MAKE BETTER FILTERS. 
Superior crystals (our own) enable Reeves- 
Hoffman to put higher-performance filters in 
smaller packages. All design, fabrication and 
testing is done “in-house”. Cable, call or write 
today for information. 


REEVES-HOFFMAN 


Division, Dynamics Corporation of America 
400 W. North St., Carlisle, PA 17013 U.S.A. 
Phone: 717—243-5929 TWX: 510-650-3510 








For more information, Circle No. 45 
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Think twice before you design 


your Own semicon 
memory syste 


And think MONOSTORE® to save 
valuable development and produc- 
tion time because MONOSTORE 
gives you: 

¢ Field proven reliable designs 

¢ 1-Year full warranty 

¢ Burned-in & tested systems 

¢ Tooling and test fixtures at no cost 


¢ Multiple sourcing of components 


MONOSTORE® semiconductor 
memory systems are field-proven, 
reliable designs for any type of com- 
puter. No debugging, no redesign, 
no costly delays in your program. 

All MONOSTORE memories are 
stringently tested and fully warranted 
for one year. You get the design con- 
figuration you need for your mini, 
micro or custom application, with a 
delivery schedule that allows your 
program to come up to speed without 
inventory build-up. And we deliver, 
on time and in high volume, per 
your needs. 

Our support doesn’t stop with 
delivery and warranty, either. Our 
design staff is available to help when- 
ever you need it, because they care 
about the success of your system. 
They know which type of semicon- 


ductor memory element best fits your 
product requirements. 

Since they are memory system 
specialists, they can guide you 
through the maze. Should you use a 
4K Dynamic RAM¢? If so, should you 
select the 22-pin, 18-pin or 16-pin 
package? Or should you use a 4K 
static RAM? Or 1K static NMOS? Or 
look ahead to the 16K RAM? If non- 
volatility is a requirement, what 
CMOS memory element and what 
batteries should you use? We have 
the experience to discuss your needs 
and answer your questions. 

And our production and test pro- 
cedures assure that we use only the 
best components in your MONO- 
STORE product. We use only full- 
spec components, and we test to 
assure those specs. Our stringent 
tests pull the ‘‘clunkers’’, the pattern- 
sensitive, heat-sensitive, and the 
voltage-margin failures. Burn-in takes 
out the ‘‘infant mortality’’. And then 
MONOSTORE memory systems are 
computer tested for proper function. 
That all takes time, but it pays off by 
removing defective components, and 
by building product confidence. That 
confidence is important when you're 


For more information, Circle No. 46 








uctor 





busy debugging your new software. 

All of our system components, 
especially memory elements, are 
multiple sourced, too, for your pro- 
tection. And our purchasing volume 
assures us, and you, of continuous 
delivery, from well-qualified sources, 
at good prices. 

But don’t just take our word for it, 
we think it would be smart for you 
to come to Denver and see our facil-. 
ities —talk to our design staff —check 
out our prices. We feel certain that 
after you observe our production and 
testing procedures, you'll want to 
make us part of your team. We be- 
lieve that you'll see the wisdom of 
delegating your custom memory 
system design and production to 
experts, and spend your development 
time and money where it really 
counts —on the special hardware and 
software needs of your system that 
only you can solve. 

For more information, circle the 
reader service number, or call us 


today. 
14 Inverness Drive East 


Englewood, CO 80110 (303) 770-7400 


First in semiconductor memory systems. 
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polling 
routines 
goodbye 





Bon Voyage and good riddance to input 
polling routines for your microprocessor 
systems. Send them packing first class at 
strictly coach fares with the new MC8507/ 
MC6828 Priority Interrupt Controller. 

What's that? Why two different 
numbers for one LSI device? No, not a 
split personality. We just want you to know 
this PIC is bipolar LSI (MC8507) designed 
to work in any processor system, but its 
first and foremost function (MC6828) is 
serving M6800 systems as if it were a 
member of that renowned NMOS family. 
Either number can be used for ordering. 

Basically, the purpose of the PIC is to 
generate a modified address to ROM in 
response to prioritized inputs. Each 
interrupting device is assigned a unique 
ROM location with the starting address of 
the appropriate service routine. After the 
MPU responds to an interrupt, the PIC 
directs it to the proper memory location. 
The PIC also generates a Stretch signal, so 
the interrupt structure can be designed to 
accommodate the faster operations 
anticipated with improvements in proces- 
sor speeds. 

You'll just love it. 
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SUPER-DUPER 
MOSFET QdIZ: 


Tis better to 1 enhance it 


==> 2 deplete it 
(€z 3 tube it 


If you're into *3, this isnt for you (or 
maybe it is). But if you're after the best in 
MOSFETs for present and future VHF 
two-ways and TVs, receive this message: 

Good ’ol Motorola now supplies the 
popular ’ol 3N201-03 family of N-channel, 
depletion mode dual gates plus the new 
DMOS enhancement mode MFE521. 

The ’201s, of course, offer typ com- 
mon-source Gps of 20 dB and typ NF 
of 1.8 dB. The 203, generally used for IF, 
has 25 dB Gps typ. 

And if you promise not to tell Tl, the 
series duplicates theirs —for which you 
may be thankful — and is priced compar- 
ably — for which they won't be. 

For your next generation of ampli- 
fiers/mixers, we present MFE521 in all its 
super-duper enhancement mode and ion- 
implanted splendor for just 60¢. It has 
0.02 pF max reverse transfer capacitance 
and diode protected gates. At 200 MHz, 
common-source Gres is 25 dB and NF 
1.7 dB typ. Input and output capacitance, 
at 1 MHz, are 3.3 pF and 1.1 pF typ. 

All are in hermetic TO-72’s and can 
be had just by quizzing our super-duper 
salesmen. Don’t ask about tubes — they 
know FETs, not filaments. 


Advance S 
and be Gi 
RECOGNIZED, ' 
said UL, j 
so we did. 











And we are. 


To prove it, we'll send 
you the yellow card! Ae 

Forthe unamazed | } 
among you, a UL-issued |‘ 
“yellow card” for an yo ok 
electrical component equals 
official UL recognition ; 7 & 
for that component. ====~_ 
And the recently introduced MDA3500 
series 35 amp full wave bridges that 
caused such a stir among you awhile 
back are now recognized by UL (what 
else!?!). 

Reason for stir? Superior perfor- 
mance at equal cost. 

Reason for card? So you can more 
easily get UL APPROVAL on your equip- 
ment by designing in components already 
checked out for flammability, electrical 
shock, thermal characteristics, chemical 
analysis, etc., etc. 

To refresh, the MDA3500 series is a 
35 amp bridge family priced at 25 amp 
levels. Besides furnishing 10 extra current- 
handling amperes, it offers 100 extra 
amps of surge current protection. And 
super-efficient, 70-watt Po. And low AQL. 
And low Quc. And fast turnaround. 

And a price tag of just 92.35, 25-99, 
for a 200-volter. 

Customers are ordering it by the 
thousands and competition is mumbling 
under its breath. 

And all we wanted was a little 
recognition. 
























And now anew Triac, plastic, 

with 15 amp, 800 volt kick. 

Its glass passivation is just a sensation; 
its price tag sends studs up the crick. 


That price tag runs about 30% less than 
for comparable studs — a bottom-line 
advantage that ought to make this very 
first of its TO-220 kind an irresistible 


choice for many commercial/industrial 
designs. 

The 15 A(RMS) MAC15/15A is de- 
signed for full wave ac control in solid 
state relays, light dimmers, motor and 


heating controls and power supplies or 
#10,000 PCS. 
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wherever full-wave thyristors are needed. 

Reliability? Coming right up in 150 A 
surge protection, all-diffused and glass- 
passivated junctions, gate cathode passi- 
vation, improved copper piece parts, void- 
free encapsulant, in-process and outgoing 
QC and reliability verification. 

The small, rugged Thermowatt* 
package offers low thermal resistance, 
high-heat dissipation and durability. 

Gate triggering is guaranteed in two 
or four modes. 

Use it everywhere you need to cost- 
reduce comparable metal parts. 

Get it from a supplier who knows 
triacs, reason and rhyme, all the time. 
Motorola. : 


The case of 
the pooped-out powertab 


“ 
4 


OR, GE whiz, man, your wattage is 
missing. 

Don't take the rap for that nemesis of 
the honest engineer, that rapscallion of 
purloined performance — Skimpy Power 
Dissipation. It can kill you with a feeble 
1.67 watts of Pp. 

Turn to the only savior you have... 
Motorola's dynamic D40/41 Duowatt* 
plug-in replacements with 2 watts of free- 
air power dissipation, and a better price. 

Our powertab units eclipse theirs by 
20% in power-handling and in the lowest 
Quc in the industry: 62.5°C/W for lower- 
junction stress and a real edge in reliability 
and long life. 


Plus, Duowatts offer second-genera-. 


tion epoxy molding with lower resistance 
to heat, higher resistance to moisure and 
greater strength. 


Here’s the run-down: 


— Watts 


GE | Motorola 


Application 


D40C NPN Darlington - 
D40D/41D| NPN/PNP 30-75 V 
Hi-gain Amp. ‘ 
D40E/41E | NPN/PNP 30-85 V 
Hi-gain Amp. F 
D40K/41K | NPN/PNP Darling- 
tons ‘ 
D40N NPN HV Ampl. i 
D40P NPN HV/Hi-gain 
Ampl. : 


Motorola Duowatts solve the power 
problem. Elementary, Watson, elementary. 





How 

does a 
tuning diode 
army march in 
one set of tracks? 








Abruptly, of course. 

The new MV210is an abrupt junction 
varactor diode inherently capable of 
tracking and matching the capacitance of 
the one in front of it, and behind it, over 
the entire voltage range. 

In the past, painstaking, expensive 
testing and matching was required when 
using more than one varactor diode in a 
tuning system, plus costly tuning circuit 
adjustment once you got it all together. 

The ’210 plastic TO-92 solves all that 
by requiring just one voltage level check. 
All the diodes that match each other at 
that level, will match at any other chosen 
voltage level in the spectrum. 


It's also got 100 min Q at 100 MHz, 
controlled, uniform ratio of CiC25=3.4 min 
3.7 max and a low 90C price. 

Use the ‘210 in FM, TV, CB-VCO 
synthesizer control and general frequency 
control to count a better cadence and cut 
design and testing involvement. 

Forward, march. 


Nail down voltage transients 
with unique crowbar IC 


If nasty little gremlins run around in your circuit playing. 
havoc with voltage limits, and your nerves, pin’em to the 


wall with the MC3423. 


This one-of-a-kind linear unit protects sensitives _ 


out of the bag 


Motorola Modules Play Better! 


Spec for spec, Motorola's new 17 and 34 
dB CATV modules outplay anything else, 
even West Coast re-runs. 

Same package, mind you, just better 
performance — like 35 channel instead of 
32 guaranteeing low-distortion limits and 
a 7.0 db max noise figure tested at 300 
MHz, not channel 13. 

And if long term reliability your 
major suit, they've got that too. This series 
incorporates a unique State-of-the-art 
transistor with emitter metal current 
densities and MTTF figures that challenge 
comparison. Tests on the geometry have 
accumulated over 750,000 operating 
hours at 90-100°C case. And we're still 
waiting for the first failure. 


You dont have to design them into 
CATV. Any low-noise, low-distortion, flat- 
gain application from 40-300 MHz will do. 

Just call and ask for the MHW594 & 5 
and MHW580. 


Or send us a cable. 






from transients or regulator failure. It senses overvoltage - ee 


immediately and quickly crowbars, or short circuits, the supply 


limiting or opening the fuse or CB. 





forcing it into current 


It's used with an external SCR, such as the new TO-220 25A 2N6504 capable of 
surge protection to 300A. Protection voltage threshold is adjustable and the circuit can be 
programmed for minimum duration of overvoltage condition before tripping. This feature 
prevents false tripping in noisy environments which would normally not harm the load. 

It also offers additional output for use as OVP indication as an open-collector 
transistor when the OVP is activated. Just a buck-and-a-half, friends. 






& 


C] Please have salesman call. Phone: 





(Coupon Missing?) Send inquiries to Dept. LDC, 
Motorola Semiconductors, Box 20912, Phoenix, AZ 85036 


ALL ABOARD! 


For complete itinerary, fill out and send to: 
Motorola Semiconductors, Box 20912, Phoenix, AZ 85036 





Name Title 
Company Address 
City State aie 
1 MHW594/580 CATV Modules 1 MC8507/6828 PIC 
0 3N201/MFE521 MOSFETs 01 D40/41 Duowatts 
1 MDA3500 Bridges O MV210 Tuning Diode 
1 MAC15/15A Triacs 0 MC3423 OVP Linear IC 


All prices 100-999, unless noted. *Trademark Motorola Inc. 
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Logical Layout 


User-oriented controls provide 
error-free operation because of 
logicai-use grouping, and selective 
controls, such as completely sepa- 
rate delayed timebase controls. 
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Cold Switching 


Permits all the controls necessary 
for four-trace operation to be posi- 
tioned in a logical location. Cold 














Products that reach ahead because 

Philips designs ahead. That's why these com- 

plex instruments are so easy and efficient to 

use; they were designed for People . . . who switching technology obviates elec- 
: trical and mechanical problems as- 


happen to be engineers. x : sociated with functional controls. 


These innovative measurement sys- 
tems are designed to solve complex meas- 
uring problems, dependably, for a long time. 
They may indeed provide the capability for as 
tomorrow's measuring requirements. es Su can 
User-Oriented Features 


Solve difficult measuring problems 
as they arise. Digital Delay enables 
accurate selection of any particu- 
lar bit to 99,999 out of the data 
stream. 






























PELL FOR FAST 











Switching Regulated 

Power Supply = 
Gives high efficiency, saves weight 
{eliminates cooling-fan and filter), 
and allows instrument use from 
almost any source without adjust- 
ment. 





For further information, use our HOT LINE number — 


in Canada: 800 645-3043 (N.Y. State residents cal! (516) 921-8880 collect). 


ays-Park Dae S Leswyn Road Pills Test & Measuring Misra owe 
Woo bury, NE York 19787 Toronto, Ontario Canada M6A 1K2 ; . 


PHILIPS 





For more information, Circle No. 40. 
For demonstration, Circle No. 41. 
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First quad BIFET op amp. 
Super Beta performance at low cost. 


An innovation from Texas 
Instruments. The new TLO084. 
The industry’s first four-in-one 
BIFET operational amplifier. 

Joining Bipolar and JFET 
technologies on the same TL084 
chip gives you the outstanding 
qualities of Super Beta plus ex- 
cellent AC characteristics: Ex- 
tremely low input current, high 
speed, and less noise. 

All at down-to-earth economy. 
Only $4.35 ($1.09 per function) in 
100-piece quantities. Plastic or ce- 
ramic 14-pin and 16-pin dual-in-line 
packages. Same pin-outs as the 
LM124/2902. 


© 1976 Texas Instruments Incorporated 





New source for LF 155 op amps. 

If your LF155 op amps are coming 
too slow or costing too much, check 
out TI. Immediate delivery from TI 


TEXAS INSTRUMENTS 


INCORPORATED 


For more information, Circle No. 47 


distributors. In a choice of pack- 
ages: 8-pin plastic or ceramic 
DIP, TO-99 metal can. Electri- 
cally and mechanically equiva- 
lent to their counterparts. Only 
$1.60 for LF355P (100 pieces). 
Also consider subbing TI’s 
LF155 for certain Super Betas. 
Same pin-out. And you'll get 
’em faster at a savings. 
For more details on TI’s in- 
novative TL084 quad or the 
LF155 op amps, call your TI Distrib- 
utor for data sheets. Or, ° 
write Texas Instruments, t} 
P.O. Box 5012, M/S 308, 
Dallas, Texas 75222. 


63084 
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The PSU features a 1K byte ROM Double the 


$995°CPU is 
ctually less than half 
the price of the 8080 


or 6800 CPU. 


And it's just the beginning of your 
saving. On-chip RAM, ROM and 

- timers make an even bigger 
difference. Difference in cost. 
Difference in reliability and dif- 
ference in manufacturing time. 
Tne following is the whole price/ 
performance story of our F8 
system, from minimum config- 
urations to expanded systems. 


Lowest cost configuration 


Our minimum configuration F8 is 
perfect for controlling home appli- 
ances, braking systems, vending 
machines, ignition systems and 
other uses with modest memory 
and I/O requirements. 


Two chips do it all-a $9.95 PSU 
(Program Storage Unit) and F8 
CPU (Central Processing Unit) for 
$9.95. The CPU is an 8-bit device, 
with a cycle time of 2 micro- 
seconds. It's the heart of all F8 
microprocessors. It includes 70 
instructions, 64-byte RAM 
(Random Access Memory), 
instruction register, accumulator, 
16 individually controllable |/O 
lines, power-on reset, on-chip 
clock and control lines to other 


1K BYTE ROM INTERRUPT _ 
LEVEL _ 


(Read Only Memory), program 
counter, 16 individually controllable Pe 


I/O lines, 8-bit data port, stack storage 
register, incrementer/adder, and lf you need more 
programmable timer and interrupt. program space, 


We're the only manufacturer in _‘Just substitute PSUs. 
the world to offer this 2-chip Our new 2K 

performance. The 8080 requires byte PSU offers 
7 chips (9 chips with timer) to do twice the ROM 
the same thing. for only $14.95. 













hild 


Fair 






64 BYTE RAM 
3850 CLOCK 
F8-CPU AND CONTROL 
CIRCUITS 























2K BYTE ROM INTERRUPT 
LEVEL 


3856 
E PROGRAMMABLE 
F8-2K PSU TIMER 













Built-in interface to 
external memory 


But suppose you 
need a couple of 
RAM's added to 
your CPU and 
2K/PSU. Again, 
substitute PSU's 
for one with a 
built in 
memory inter- 
face. Avoid 
paying for extra 
chips. Order our new “ 
2K/PSU-MI for $14.95. 

This is Super microprocessor 
power on 4 chips. 


The 8080 takes 10 chips (12 with 
timer) to do the same thing. 


64 BYTE RAM 
3850 CLOCK 
F8-CPU AND CONTROL 
CIRCUITS 


INTERRUPT 
LEVEL 
PROGRAMMABLE 
TIMER 

















2K BYTE ROM 


3857 
F8 2K PSU-MI 


STANDARD 
MEMORY 
DEVICES 





's $9.95 


F8 Microprocessor 


Half the Cost 
wice the Versatility 
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Long live the King. 
intersil's new . 
IM6402 CMOS UART. 


It's the CMOS/LSI Universal 
Asynchronous Receiver/Transmitter 
CO7AN 5 UD folaial(sar-\ellalemere)anleleliclecme)s 
an} (e) £0) 0) geler=t>\\0) 6o98 (OMS\=) st-l mele it- me atclalals\icy 
The IM6402 operates with Intersil’s IM6100 
family of microprocessor peripheral circuits. 
ism o}[aere)aa]er-tile)(=m-lalem elaiexomere)anle\clemiiiin 
the AY-5-1013, TR1602 and TMS6012 PMOS 
UARTs, but far superior, making it the new 
ideal for use in modems, printers, peripherals 
and remote data acquisition systems. 

Because it’s CMOS, it provides data 
transfer rates up to 200,000 Baud (3.2 MHz 
ol (ole) Siczre[e(cralei(=s-) Milla me leit Mm e)com(s)alelamicelan 
5 to 8 bits. That’s a ten-to-one improvement 
over previous PMOS UARTs. And because 
i's CMOS, power is reduced from the 300mW 
typical with PMOS, to only 10mW for the 
IM6402, at supply voltages from 4 to 11 volts. 

The IM6402 is packaged in a 40 pin DIP, 
re\ Fell f= 10)(oMO)iid (aroeecialsi iim ice anm(al(c) acy] mel[o1(s]e)0] (eles 
ina military (—55° to + 125°C) version for 
$26.50 (100+ quantities) or a commercial 
(COM (oe os ©) BY/-16-)(0)0 (0) anon /o1 0 10)0 ae F 


Talking to aTTY2 
Try the IM6403. 
The IM6403 version of this CMOS UART 
contains an on-chip 4/11 divider stage; this, 
plus on-chip oscillator, allows use of inexpen- 
sive crystals—for example a commercial 


. a i i Intersil stocking distributors 
color-TV crystal—resulting in an appropriate ners! Socung | 





Baud rate for easy teletype interface. Century Electronics Intersil ates sales offices 
mar/Liberty Electronics oston - 
=Xo)iame)m tals aammliY/ey-c0-arsl ale IM6403, ital, Harvey (Upper N.Y.) HAE ae 
Intermark (San Fran., Seattle) EULETS Ue) 

ew slate of UARTs. Only from Intersil. 10900 Kierulff Electronics (Mass. ) Los Angeles (213)532-3544 

North Tantau Ave., Cupertino, CA 95014. Marshall Ind. (L.A., San Diego) Ft. Lauderdale (305)772-4122 
R.A.E. Ind. Elect. Ltd. (Van. B.C.) Minneapolis (612)925-1844 
Schweber Electronics New York (201)567-5585 
Sheridan Assoc. San Francisco Bay Area (408)984-2170 
Diplomat (Fla.) Upstate New York (607) 754-7406 
Weatherford Canada (416)842-0411 
Zentronics (Canada) | Representatives in all major cities. 


For more information, Circle No. 49 
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Add vectored interrupts and 
memory-mapped I/O to 4-bit wP’s 


Has the somewhat limited I/O structure of 4-bit P’s constrained 
your designs? These ‘““memory-expanding” schemes just might help. 


Irving H. Thomae, Dartmouth College 


The extremely low costs of the Intel 4004 and 4040 
4-bit microprocessors have made them very popu- 
lar as components of point-of-sale terminals, 
dedicated controllers, lab instruments, and con- 
Sumer products. Unfortunately, the joint- 
addressing scheme for I/O and RAM provides 
only four bits for I/O port selection. In addition, 
memory addresses and port numbers are not 
encoded in the read and write commands which 
reference them, but instead must be designated 
in advance by the send-register-control (SRC) 
instruction—in most cases a 2-byte operation! 

By adopting a pseudo-memory-mapped input 
structure (Fig. 1a) when using the 4008/4009 (or 
4289) interface chips, you can expand the poten- 
tial number of input ports to 256 while eliminating 
the byte-wasting ‘““SRC’’ command. 


Tri-state bus driver turns the trick 


The following method depends on the fact that 
the branch-back-from-subroutine command 
(BBL) also loads the accumulator. Thus, for 16 
ports or less, a single additional tri-state bus 
driver and a rearrangement of existing connec- 
tions comprise the only hardware additions 
necessary. 

How does this scheme work? 

An unused page of program memory is 
assigned to I/O, with the chip-select for that page 
enabling a set of drivers connected to the 8-bit 
PROM return bus (Fig. 1b). 

The input multiplexer(s), customarily connect- 
ed to the “I/O bus” pins of the 4009 or 4289, tie 
instead to the ‘‘OPA” (least significant) lines, with 
the code for “BBL’’ (1100) hard-wired to the 
portion of the bus driver that feeds the ‘““OPR’’ 
(most significant) lines. Many systems will already 
contain one 4-line tri-state driver (DM 8093, 3216, 
etc.); new designs can use the Intel 8212, an 8-bit 
device. Thus the chip count for the basic system 
increases by, at most, one. 


Now you can “jump” right into things 

Programming for input operations now consists 
simply of a jump subroutine (JMS) to an address 
in the ‘virtual ROM,” where the connections 
effectively simulate a one-byte subroutine. This 
subroutine has only the instruction “BBL x”, with 
the input port supplying the ‘‘x’”’ value. With 
appropriate decoding or multiplexing, each of up 
to 256 addresses can now represent a different 
4-bit input port. 

Fig. 2a compares the conventional method with 
this new routine. Notice how it reduces the input 
operation to a “subroutine call’’ to an address 
associated with the desired port. This arrange- 
ment works more conveniently with the 8-stack- 
level 4040 than with the 4-stack-level 4004. 

As you evaluate this approach, keep in mind 
that only as much decoding is needed as the 
number of ports indicates. As examples; for a 
quantity of ports from 9 up to 16, you only have to 
decode four bits of address. Why? Because the 
hex “input-page’’ addresses 03, 13, 23,...F3 
would all be interpreted as the address of port 
number 3. Similarly, a quantity of ports from 17 
up to 32 requires decoding of five bits, which 
makes addresses 03 and 23, 13 and 33, etc., 
equivalent. 


Will it work with 8-bit inputs? You bet! 


With a slight increase in complexity, you can 
employ basically the same approach for up to 64 
8-bit inputs. This method implements the 2-byte 
fetch-immediate instruction (FIM) that normally 
loads an “index-register pair’’ with an 8-bit 
constant taken from the second byte of the 
instruction. By hard-wiring a group of three 
program locations to return ‘FIM Pn,” the data of 
interest, and ‘‘BBL,” respectively, eight bits of 
data can be ingested from a source determined 
(as in the case above) by a subroutine address. 
Allocating a group of four addresses to each 8-bit 
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CPU 
4004 OR 4040 





(a) 
(MCS-4 DATA BUS) 


PROM ADDRESS BUS 
(P)ROM O 


(1702A) 





4008 


CHIP SELECT 
LINES 


cS 








(P)ROM 1 
cs (1702A) 










PAGE 
SELECT 
DECODER 







, (P)ROM “n” 
¢ CS (1702A) 









“n+ 1” (UNUSED) 


(<4 BITS) 


CPU 


(b) 4004 OR 4040 
MCS-4 DATA BUS 









PROM ADDRESS BUS 
. (P)/ROM 0 
(1702A) 


4008 








CHIP SELECT “a 


(P)ROM 1 
(1702A) 


(P)ROM “‘n” 
(1702A) 





SELECT 
DECODER 


BBL INPUT ENABLE 



















(UP TO 8 BITS) 
(c) CPU 
(4004 OR 4040) 
MCS-4 DATA BUS ae 
4008 (P)ROM O 
(1702A) ee 
CHIP SELECT cS 


LINES 






{P)ROM 1 
S (1702A) 





C 













PAGE 
SELECT ~ 
DECODER (P)ROM “n 
(1702A) 





2:4 
DECODER 


Fig. 1—A pseudo-memory-mapped 1/O structure, suitable for 
4-bit 4004/4040 Series wP’s, is formed with only a few extra 
logic blocks. How? Compare the conventional system diagram 
of a with those of b and c. Notice how the 4-bit scheme of b 


input routine (Fig. 2b) then greatly simplifies 
decoding. A decoder connected to the least 
significant two bits of the program address lines 
will cause this sequence of instruction codes to 
return from any set of locations beginning with 0 
(modulo 4) (Fig. 1c). You must choose a particu- 


lar index-register pair as the fixed destination for 
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PROM RETURN BUS OPA 


“1/0 BUS” 





TRI-STATE eg 


BUFFER ENABLE 
INPUT MULTIPLEXER 
(1 OF UP TO 16) 






OUTPUT 
PORTS 


se eee eee ee ee 


























PROM RETURN BUS 





4009 







1/O BUS 
4 


OPA 


TO OUTPUT 
PORTS © 


| TRISTATE 


MULTIPLEXER 
(1 OF UP TO 256) - 


i a ee i a ae 7 eS 






tT 


4 





1/0 BUS 


oe _ TO “NORMAL” 
~ EN 2 INPUT/OUTPUT 
PORTS 






TRI-STATE 


TRI-STATE 


TRI-STATE 


reassigns an unused “‘page”’ of program memory to I/O while 
the chip select for that page enables a set of drivers on the 
PROM return bus. In c, the system is expanded to 8-bits. 


these 8-bit inputs, but that tends to be good 
programming practice in any case. 


All of which leads to vectored interrupts 


Once you’ve implemented the 8-bit input 
scheme described above, the indirect jump 
instruction “JIN’’ can be combined with this 
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A A, bo VOX. INTEL 4008/4009 1/0 INTERFACE SET (INTERNAL SCHEMATICS) RDR MM, 


DATA BUS 






















0 Ao Doo 0 
oe OA, 0.0 eles DATA AND OD, 
o> PX 4D 
Dy INSTRUCTION __. 0 A, BUFFERS INPUT M 2 
D |_| ADDRESS |_| ADDRESS x Dc 5D, 
10-7 input oi AND I/O PORT 7 LATCHES : Z 
Do BUFFER ADDRESS 0A, 
Dc tii mx 4 a : 
oe 1/0 
HA ‘ze 
"2 As 10,6 — INPUT DATA BUS 
OA, 10,0 nnRouna PORT BUS INPUT 
1/0,0 BUFFERS 
1/0 BUS 





INTERNAL 
TIMING 

1/0 PORT GENERATOR 
ADDRESS 


LATCH 



































1/0 
O CM-ROM 
CONTROL M, O's. 
<Ov 
WPM OR WRR * ss 
oy * 

1/0 PORT 1/0 PORT INTERNAL Ww 
AND CHIP CHIP TIMING 
SELECT SELECT GENERATOR 
MPX LATCHES 





CONTROL 
AND 
FIRST/LAST 










INTEL 4004/4040 BASIC INSTRUCTION SET 
|MNEMONIC | DESCRIPTION OF OPERATION 


JUMP TO ROM ADDRESS A,A,A,A,,A,A,A,A, [WITHIN THE SAME 
ROM THAT CONTAINS THIS JCN INSTRUCTION] IF CONDITION C,C,C,C, 
IS TRUE, OTHERWISE SKIP (GO TO THE NEXT INSTRUCTION IN SEQUENCE) 


What happens during a SRC instruction? 


Should you be unfamiliar with the send- 
register-control command referenced in this 
article, here’s a chronological sequence of 
its. operation. 

1. The SRC register accepts and stores the 

8-bit I/O address. 

2. SRC register contents transfer to ad- 
dress lines Ay-A, and to chip-select 
lines Co-Cs. 

3. The specified I/O port is selected by 
decoding the chip-select lines. 

4. IN/OUT lines indicate the direction of 
data transfer. 

The 4-bit family at one glance 

For your convenience, we’ve printed the 
pin-outs, the internal schematics and an 
abbreviated instruction set of Intel 4004/4040 
uC components referred to in this article. 
For more detailed information call or write 
the manufacturers directly. 










FETCH IMMEDIATE (DIRECT) RROM ROM DATA D,,0, TO INDEX REGISTER 
PAIR LOCATION RRR. 











FETCH INDIRECT FROM ROM. SEND CONTENTS OF INDEX REGISTER PAIR 
LOCATION 0 OUT AS AN ADDRESS. DATA FETCHED IS PLACED INTO REGISTER PAIR 
LOCATION RRR. 









JUMP INDIRECT. SEND CONTENTS OF REGISTER PAIR R R R OUT AS AN ADDRESS 
AT A, AND A, TIME IN THE INSTRUCTION CYCLE. 









JUMP UNCONDITIONAL TO ROM ADDRESS A,, A,, A,. 






JUMP TO SUBROUTINE ROM ADDRESS A,, A,, A,, SAVE OLD ADDRESS. (UP 1 LEVEL 
IN STACK.) 












INCREMENT CONTENTS OF REGISTERRRRR. 





INCREMENT CONTENTS OF REGISTER R R R R. GO TO ROM ADDRESS A,.A, 
(WITHIN THE SAME ROM THAT CONTAINS THIS ISZ INSTRUCTION) IF RESULT #0, 
OTHERWISE SKIP (GO TO THE NEXT INSTRUCTION IN SEQUENCE) 


LOAD DATAD DDD TO ACCUMULATOR. 


























(a) TO ACCESS iNPUT PORT 93. CS 
[ASSUMING PAGE 7 USED FOR INPUT] © 


> GONVENTIONAL METHOD = = 
fim Pest 
SRO P6 
{4 evresS 4 Cycles! es 


NEW METHOD: i 
JMS 783 + MAIN PROGRAM JUMP COMMAND 
303: BBL (x) + VIRTUAL ROM 
{2 BYTES, 3 CYCLES) | 


— (b) XXXX JMS 985 + MAIN PROGRAM © 
: 2904 NOP 
9985 FIM P(N) + VIRTUAL ROM 
9986 [THIS ADDRESS ENABLES THE DATA} 
9987 BBL i #@ #£}§5£zz§©— _. 


(c) 8883 ——- > INTERAUPT ROUTINE REGINS . 


--- = SAVE CURRENT MACHINE STATE 
XXXX JMS 761 

YYYY JIN PB 

0218 JUN DEV@ 

g012 JUN DEV! 

2814 JUN DEV2 

9216 JUN DEV3 

ETC. E'C. ETC. 

#700 NOP : 

2701 FIM PO | : 
@702 [ENABLES INTERAUPT VECTOR ONTO. 
PROM RETURN BUS] - 
#703 BBL ss 


Fig. 2—Clever “hard and soft” programming techniques 
“virtually” eliminate the memory-limiting “kluginess” of the 
4004/4040’s 1/O operations. In a, a head-to-head comparison 
between conventional and memory-mapped approaches gives 
proof of this method’s byte-saving features. The routine in b 
demonstrates that 8-bit decoding need not be complicated 
while c furnishes a way to generate vectored interrupts. 


scheme to provide a quite reasonable vectored- 
interrupt routine. The “JIN Pn” instruction trans- 
fers control to a location in the current program 
page specified by the contents of the index- 
register pair named. If each interrupting device 
furnishes a unique 8-bit code divisible by two, the 
interrupt routine outlined in Fig. 2c becomes 


possible. Note that the scheme permits only | 


even-valued interrupt vectors, since each uncon- 
ditional jump takes two bytes. Nevertheless, 
room theoretically exists for on the order of 120 
different vectors. 

Within program loops, and in multilayered 
lookup procedures wherein the value of one 
input dictates the choice of the next input, the 


contents of an index-register pair should select - 


the input. (The SRC command does this, of 
course, for one of 16 4-bit inputs.) You can extend 
this capability to a choice of as many as 254 8-bit 
inputs by implementing the fetch-indirect in- 
struction (FIN Pn)—normally used for table look- 
up. Index-register pair 0 furnishes the lookup 
vector, and eight bits of data are loaded (from 
within the current page of program) into register 
pair n. Applying the same principles as before, a 
virtual ROM can be created whose last two 
locations will return codes ‘FIN Pn” and “BBL y” 
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for example. For flexibility, you can assign a few 
more locations to provide several alternative 
FIN instructions, each specifying a different Pn. 
The FIN operand is derived from the address 
itself to provide all possible FIN instructions in 
one group of 16 simulated bytes of code. 


Need more inputs? It gets complicated! 


To access a full set of 256 inputs, the hardware 
implementation involves more than the schemes 
previously described: Since FIN is a 2-cycle 
instruction, with data input occurring during M1 
and M2 of the second cycle, the ROM address 
lines out of the 4008 (or 4289) select the input (as 
dictated by the contents of PO). Therefore, that 
input should be gated onto the PROM return 
lines. If the selection codes for 8-bit inputs 
overlap any hard-wired addresses in the page of 
virtual ROM used for this input mode, you must 
set a one-bit latch upon detecting an access to the 
“FIN.” In this manner inputs, rather than wired 
codes, drive the ROM return on the following 
cycle. 





So you want memory-mapped 4-bit output, eh! 


This too will follow the “dummy subroutine”’ 
approach, now of the form “WRR,” “BBL”. 
Though the output latches feed from the “I/O 
bus” of the 4009 or 4289, the number of possible 
ports can increase to 128 if the address of the 
“subroutine” drives the decoder, instead of the 
SRC output. Since the address lines of the 4289 
actually carry the SRC address during X3 when the 
I/O bus presents the output data to the latches, 
you should latch those lines during A3, M1 or M2, 
using CM-ROM output line. Either the (Intel) 8212 
or the (RCA) CD4043AE makes a suitable latch. 0 
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Select from this family of 
aluminum electrolytic capacitors 
designed for output filtering 

In switching power supplies 






























TYPE672D  TYPE604D TYPE 622D TYPE 432D 

















e Suitable for e@ True 4-terminal e Best ESR in e Lowest avail- 
parallel stacking isolation std. construction able ESR and 

: impedance 
e Plug-in PWB e Low profile e ist Wed Le e: Bue-bar 
mounting PWB mounting metrica an D 

capacitance tol. mounting 

e Low to medium © Medium e Maximum 
ripple current ripple current e High ripple ripple current 
Capability Capability current capability capability 






Rolled-Section Rolled-Section Rolled-Section Stacked-foil 


2 terminals, 4 terminals, th a glee 
wire pins wire leads female threaded female threaded 


326! ‘ 905” 150” x 1.625” 1.375” x 2.125” 1.375" x 2.125” 
0 to to to 
1.000” x 1.625” 1.000” x 3.625” 1.375” x 5.625/ 3.000” x 5.625” 


—55°C to +105°C —55°C to +105°C —40°C to +85°C 


6.3 to 100 


Construction 






Terminal 
Configuration 





Case Size Range 
(0: x Eb) 






Operating Temperature 
Range 


WVDC Range 


Capacitance 
(Range (“F) 


Capacitance 
Tolerance 













4.7 to 6800 470 to 100,000 






thru 50 V: —10, +75% : 
over 50 V: —10, +50% —0, +100% 


0015 ohm 
54.6 A @ 1 kHz 
001.2 @ 10 kHz 









Max. Inductance 
(@ 1 MHz & within 
.125” of capacitor) 






Max. ESR 

(@ 25°C and 120 Hz) 
RMS Ripple Current 
(@ 85°C) 












2.61 A @ 100 kHz 


062 @ 100 kHz 


19.5 A @ 20 kHz 


0102 @ 10-40 kHz 







100,000 uF 


@ 6 WVDC 





Max. Impedance 






Bulletin 3452 Pa eenines eee ee 
Check 16 Check 17 Check 18 Check 19 
on Reader on Reader on Reader on Reader 
Service Card Service Card Service Card Service Card 


4SE-6102R2 


For complete technical data, write for Engineering Bulletin(s) (see table 
for bulletin numbers) on the capacitor(s) in which you are interested to: . 2 
Technical Literature Service, Sprague Electric Company, 491 Marshall St., 
North Adams, Mass. 01247. 












THE MARK OF RELIABILITY 


THE BROAD-LINE PRODUCER OF ELECTRONIC PARTS 


59 





ARROW MPU APPLICATIONS NOTE 


Signetics’ 2650 is a vending machine. 


Signetics’ 2650 8-bit, T*L 
compatible MPU can be used as an 
Tayc=vitte(sjalmexealice)i(-1ancelar-M\c-1eeli ale 
machine selling such items as 
books, magazines or toiletries. 
This control system performs a 
wide variety of functions. Among 
other things, it receives inputs 
WY a} Le] aiesXs)alsismdalomelclalelaaliarclerelarcmeni 
id a> oxo) | alswe (=) oley<y i (210 Mr Tale mena l=1e1.c 
idgtstmndalom elae)elolar-lanlelelaimarctmel-i-18 
received for the item desired. It 
also sends outputs to displays and 
solenoids to perform tasks such as 
Tare lfer-varalemcomtal=m elac-1 anu aelleiamicciaals 
are sold out, whether exact 
(ol ats tale (om ism alcisx0 (ste mme) ai Dmosalelerela 
money has been put in for the 
item desired. 
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related components to solve your 
next design problem. If we can 
help, call us. Because at Arrow, 
we don’t just sell and stock 
components, we also sell ideas. 
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This 30-ppm scale proves that 
analog designs aren’t dead yet 


Electronics does not live by .P’s alone. This analog instrument 
achieves 0.02% absolute accuracy, yet never needs adjustment. 


James Williams, Massachusetts Institute of Technology 


Body weight is a critical indicator in human 
nutritional studies. In fact, the ability to repeated- 
ly resolve small weight changes is often the 
limiting factor in those investigations involving 
sweat losses and other metabolic functions. A 
very careful nutritional experiment conducted by 
the M.I.T. Clinical Research Center required an 
instrument that would repeatedly resolve 0.01 Ib 
out of 300.00 Ibs. F.S. That’s 30 parts per 
million—about one doughnut bite in a 300-lb 
subject! Additionally, the instrument had to be 
portable, never require calibration or adjustment, 
and have an absolute accuracy within 0.02%. 

Perhaps the most notable feature of the instru- 
ment is that, despite its ultra-high performance, 
its design used only readily available components 
and not one single custom item. By combining 
judicious component selection with careful engi- 
neering, a state-of-the-art instrument moved 
from conception to finished prototype in a very 
short time. 


Eliminate nonessential error sources 


Basically, the metabolic scale combines preci- 
sion strain gauges and low-drift electronics (Fig. 
1). The 10x12x5-in. platform assembly contains 
four bonded strain gauges distributed symmetri- 
cally. Together with linearizing and _ offset- 
correcting resistors, these strain gauges form a 
bridge network. When a patient steps on the 
platform, the electronics amplifies and processes 


Ed Note: True or false: Analog circuits continually 
need adjustment or must use custom compo- 
nents to achieve precision results? False! While 
it’s true that analog designs have definite 
limitations—as indeed do digital ones—an inven- 
tive designer can overcome many obstacles and 
produce outstanding results. We hope that the 
following example of analog achievement will 
inspire designers to even greater triumphs. 


FLOATING 
PRECISION 

VOLTAGE 
REFERENCE 


VOLTAGE-SWITCHED 


LOW-PASS 
FILTER 


DIGITAL 
PANEL 
METER 

(30000 COUNT F-.S.) 





iy 


Fig. 1—Straightforward approach used in the scale can be seen 
from this block diagram. What can’t be seen is the attention 
to detail required to obtain the outstanding performance. 


the bridge signals, producing a voltage linearly 
proportional to weight that is displayed on a 
DPM. 

A precision voltage reference excites the strain 
gauge bridge. This supply derives its stability from 
an aged, current-trimmed, temperature- 
compensated zener diode. Because the reference 
supply is fully floated from system ground, the 
output of the load-cell bridge appears as a 
single-ended, rather than a differential signal. 
This factor is significant and deliberate, in that it 
eliminates all common-mode voltage error possi- 
bilities and allows the use of a high-stability 
chopper-stabilized amplifier, as a pre-amplifier. 

The pre-amplifier is required to boost the 
load-cell signal up to levels that can be easily 
processed. With 10V excitation the strain-gauge 
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HORIZONTAL = 0.4 SEC/DIV 
VERTICAL =0.03LB8/DIV 


HORIZONTAL = 0.7 SEC/DIV 
VERTICAL =0.01L8/DIV 


Fig. 2—“Weighing” a heartbeat is possible due to the scale’s 
0.01-Ib resolution. These ac-coupled chart recordings were 
taken from the output of A;. On the left is a normal heartbeat; 
on the right, the rhythm after a short, but fast, run. 


bridge yields only 18 mV F.S. Thus, one least 


significant digit (0.01 Ib) is only 600 nV at the 
transducer output. 

Although the clinical operating temperature 
range is quite narrow (20 to 30°C), overall system 
accuracy requirements dictate a pre-amplifier that 
drifts 120 nV/°C, max.—200x better than a 
741-type op amp. Chopper stabilization tech- 
niques combined with stable feedback resistors, 
attention to grounding and avoidance of thermal 
EMF’s afford this performance. The signal, once 
amplified, must be filtered. Without filtering, 
small accelerations in the form of body motion 
and even heartbeat will cause jitter in the display 


(Fig. 2). While a simple R-C low-pass filter can 
provide the necessary smoothing, its long time 
constant means that the scale will require minutes 
to settle to five decimal places on the readout. 
The filter used avoids this problem by switching 
its time constant from short to long when it has 
acquired almost 100% of the pre-amplifier’s 
output. The signal from the filter then drives the 
digital panel meter which provides a 300.00-Ib F.S. 
display. 


Achieve precision by attention to details 


As previously mentioned, the 1N829 
temperature-compensated zener is the key to the 
high-stability reference supply (Fig. 3). The zener 
owes its very low drift (typically 5 ppm/°C at 6.2V 
and 7.5 mA) to junctions with opposing tempera- 
ture coefficients. However, any individual diode 
has its own “ideal’’ current at which the two 
junctions’ temperature coefficients very precisely 
cancel out. Once this current has been experi- 
mentally established, drift performance of 0.1 
ppm/°C can be achieved. 

Our method for establishing the true zero-drift 
point involves first running the manufacturer’s 
recommended 7.5 mA through the diode under 
test, placing it in a 50°C oven, and reading its 
voltage. We then take another reading at 0°C, 
noting the difference (drift). Changing the diode 
current, we repeat the experiment. Iterating this 
procedure yields the current that produces the 
least drift—the ‘‘ideal’’ current. 

To age the diode we burn it in at the ideal 
current for 1000 hrs. Finally, we repeat the 


A vast improvement over conventional instruments 


Body-weight change is an extremely impor- 
tant parameter of body composition in clinical 
studies, particularly those concerned with the 
estimation of protein and energy utilization 
and the assessment of human requirements. 
Because the scale described in this article can 
be transported and, at the same time, offers 
improved sensitivity, accuracy and automatic 
data recording, it should prove extremely 
valuable in metabolic research. | 

For example, this scale permits precise, 
frequent monitoring of body-weight changes 
over short as well as long-term periods, 
important measurements in studies of energy 
balance. The device also can measure min- 
iscule, previously undetectable water losses. 

Since the scale employs body-motion filter- 
ing, it is ideal for weighing restless infants and 
young children. Normally, motion on a scale 
makes stable readings difficult, if not impossi- 
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ble, to obtain. 

Besides providing an unambiguous, ultra- 
high precision readout, the scale eliminates 
human-factor errors since it needs no adjust- 
ment, can be easily interfaced to computers 
and other circuitry, and can withstand overload 
and rough handling. 
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Fig. 3—Only standard, readily available components are used in the scale’s circuitry. For proper operation, at least 10°Q of 
insulation must exist between the common terminals of the power supplies. 


temperature tests to fine-tune the final minimum 
drift current. 

The aged and tested reference diode is installed 
in a bridge circuit buffered by a low-drift amplifier 
(A; in Fig. 3). The zener’s potential biases A,’s 
positive input, while R,, R, and R; provide the 
precise feedback necessary to obtain -10.0000V at 
the op amp’s output. Note that the zener constant 
current is “‘bootstrapped’” from the circuit’s 
output. R, adjusts this current. 

Since the strain-guage bridge presents a 2000 
load, Q, is included inside the feedback loop to 
provide current-driving capability. D, and R, 
guarantee that the circuit will “start up’’ correctly, 
while also ensuring that the reference diode can 
never become reverse-biased under any condi- 
tions. (Reverse biasing of reference diodes for 
even a few msec can introduce long term 
low-level drifts.) 

The low temperature drifts of the D,, A, and the 
wirewound resistors produce a -10.0000V refer- 
ence supply with a total drift of only 0.25 ppm/°C. 
Because this is 150x the required system stability, 
reference drift effectively drops out of the error 
budget. 


Noninverting chopper serves as pre-amp 
Load-cell manufacturers offer the strain-guage 


bridge, its associated calibration resistors and the 
platform as a pre-trimmed assembly. Electrically, 
it can be modeled as a bridge of four 1750 
strain-dependent resistors. Because of these low 
impedances, the bridge supply can be floated 
from instrument ground without introducing 
serious pick-up noise into the bridge output. 

In this circuit, pre-amp A, must extract a 600-nV 
signal (least significant digit) from a 5V dc level. 
Thus, a precision amplifier with low noise, 
<120-nV/°C drift and 140-dB CMR is required. 
Unfortunately, no instrumentation amplifier with 
such a combination of specifications exists—even 
the best differential instrumentation amplifiers 
offer only 250-nV/°C T.C.’s, 2-yV/day drifts and 
120-dB CMR’s. Therefore, to achieve the desired 
performance you must use a single-ended, non- 
inverting chopper-stabilized amplifier such as the 
Analog Devices’ 261K (100 nV/°C over 0 to 70°C 
with almost negligible time drift). This approach 
has one major trade-off, though: Because one leg 
of the bridge is grounded, the instrument cannot. 
take a ratiometric measurement; i.e., the bridge 
and the panel meter require separate voltage 


references. 
Observe from Fig. 3 that Ry, Ry» and R,, 


determine the pre-amplifier’s gain. These compo- 
nents are of wirewound construction to obtain 
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the required stability. The op amp and its 
associated components should be both electro- 
statically and electromagnetically shielded from 
other circuitry, and careful attention must be paid 
to proper grounding (see box). We also recom- 
mend that you use low thermal noise solder for all 
connections. Finally, we advise wrapping the 
entire pre-amplifier assembly in styrofoam to 
provide a nearly isothermal enviroment. 

The output of the pre-amplifier feeds a unity- 
gain inverting amplifier that sums in the system 
“Zero” adjustment as well as externally generated 
‘tare’ signals. Note that R,, serves to trim the 
overall gain of both A, and A; to 166.667. This 
scales a 600-nV LSB (0.01 Ib) to equal 100 wV at A;’s 
output, so that 300 Ibs. F.S. equals 3.0000V to the 
DPM. 


For fast settling, use a 2-step filter 


For the signal from A; to be usable, filtering is 
absolutely necessary. The instrument is so sensi- 
tive that any body motion or floor vibration will 
mask true readings. Experimentation revealed 
that a simple 0.2-Hz R-C low-pass filter would 
provide adequate averaging. Unfortunately, this 
filter also would require almost 100 sec to settle 
out to the point where it no longer affected the 
system’s accuracy. Clearly this time delay was 
unacceptable. 

We considered using active and/or high-order 
filters to address this problem, but discarded 
them as being unnecessarily complex. Our final 
solution was to modify the basic R-C low-pass 
filter to incorporate a controllable time constant. 

With no weight on the scale, the output of A; is 
zero, so no drop exists across Ro; and A;’s output 
is also zero. Normally the output of comparator 
A, under these conditions would be indetermi- 
nate. However, the unorthodox use of the offset 
null adjustment (pin 6 connected to +15V 
through 2k) effectively ‘bends up” A,’s front end 
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by introducing approximately 15 mV of offset. 
Therefore the amplifier’s output saturates nega- 
tive under no-weight conditions. 

Placing a weight on the scale causes the output 
of A, to rise much faster than the voltage across 
C,, so Ay’s output goes positive, closing CMOS 
switch S,. C, now charges quickly toward A,’s 
output voltage. When C,’s voltage rises to within 
15 mV of A,’s output, A, switches its output 
negative and shuts off S,. C; now charges to its 
final value through R,,;. Amplifier A;, a low-drift 
FET op amp, buffers C, and drives the DPM. 

At the completion of the weighing process, 
removal of the weight causes A;’s output to drop 
to zero. In turn, D3, a low foward-drop germani- 
um diode, becomes forward-biased, providing a 
low-impedance path that rapidly discharges C,. 
This ensures that the scale is quickly ready for the 
next measurement. © 
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When he says it’s 5 volts, 
it’s 5 voit % Son of Ref-01! The instant success of 


our Instant-On 10V monolithic Ref-01 

made it only logical that we’d do a 5V 

version to serve designers who are 

working with 5V systems. Instantly-on, 

the Ref-02 replaces all those noisy, 

s dirty, power guzzling zener ref- 
erences, with essentially zero 


7 warm-up time. 
POWER GUZZLING “And like the 10V Ref-01, it 
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_# energy of the silicon substrate 
itself. 
So if you need low drift 
reference circuits for your low 
TC instruments (like 3ppm/°C), 
the Ref-02 will provide a stable 
5V reference, adjustable by 6% with 
minimal effect on temperature stability. 
Price? $1.90 (100’s). Delivery? From 
stock. Application notes? You bet. 
Circle the reader number or write 


SON OF REF at address below. 









Precision Monolithics, Inc. 
1500 Space Park Drive 
Santa Clara, CA 95050 
® (408) 246-9222 
TWX: 910 338 0528 
Cable MONO. 
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Your IC lead frames look like 
this at 30X enlargement (unre- 
touched). Because they are punched 
out of metal, the edges are rough, 
itelelelsxem-laremiaasre[Ulr-lemiamerealie-\iemealc 
flat sides of the lead frame are 
smooth, even and perfectly plated. 





Secret of RN high reliability 
‘side-wipe’ DIP sockets 
revezied by muicrophotos 


Here’s microscopic proof that high reliability 
Robinson-Nugent “side-wipe” DIP sockets 
make 100% greater contact than any edge- 
bearing socket on the market. This advance 
design provides constant low contact resist- 
ance, long term dependability— trouble-free 
IC interconnects. Yet RN high reliability DIP 


sockets cost no more than ordinary sockets! Get the high reliability that eliminates trouble. 
RN “side-wipe” DIP sockets make contact with the 
wide, flat sides of your IC leads. You get 100% greater 
surface contact for positive, trouble-free electrical 
connection. 
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Simulate analog circuits with 
digital-filtering circuits 


These equations let users breadboard virtually any circuit 
that can be built in hardware with equivalent software. 


R. David Pogge, Naval Weapons Center 


Designing simple digital equivalents of analog 
filters without resorting to Z transforms is possi- 
ble with the following method. Users can then 
replace many analog circuits with a wP, as well as 
breadboarding them on a programmable calcula- 
tor, microcomputer or minicomputer to deter- 
mine signal responses described in the time 
domain. 


Computers are very “discrete” 


The key to this technique is to describe the 
voltage on a capacitor at discrete sample inter- 
vals. Capacitor voltage is usually written as: 


V(t) = V(O) + | i(t) dt (1) 


This is a ‘‘continuous time’”’ equation since time 
can be any value we choose. But a digital 





computer must use ‘‘discrete time’’ equations 
because the computer can only calculate the 
voltage at a finite number of specific times. Thus, 
Eq. 1 must be modified slightly and assumptions 
made about what happens between the samples. 

First, divide time into a number of small 
increments, At. Then compute the voltage on the 
capacitor after one At, after two At’s, and in 
general, after ‘‘k’’ At’s. The kth value of the 
voltage will be equal to the previously computed 
value—the (k-1) value—plus the integral of the 
charging current during the time interval between 
samples divided by the capacitor value. Mathe- 
matically, this can be written as: 


t=kAt 


Vik) = Vik = 1) +& | tbat (2) 


t=(k-1At 


Since the voltages and currents in the circuit 


Fig. 1—Discrete time equations are illustrated here for five common transfer functions. The well-known frequency-domain 


transfer functions are also shown for each analog circuit. 


93 








Fig. 2—Some circuits exist that cannot be modelled with the 
five transfer functions of Fig. 1. This bridged-T bandpass filter 
shows how to derive the equations for such cases. 


are only sampled every At sec, we cannot know 
the value of i(t) between time (k-1)At and k A t, 
and thus should assume that it is a constant 
value. If i(t) is assumed to be i(k), then it can come 
out of the integral. The integral of dt from (k-1) At 
to kAt is now seen as At; and so yields the 
discrete equation: 


vik) = vik — 1) + Wat (3) 


From this equation the discrete time equation can 
be derived for the five basic networks shown in 
Fig. 1. 


Tackling low-pass filters 


The first network illustrated is a simple low- 
pass filter. Its output voltage is the voltage across 
a capacitor, and thus must be described by Eq.3. 
Since the sampling rate (At) and the capacitor 
are known values, and V(k-1) is the capacitor 
voltage previously calculated and stored in mem- 
ory (or it is the initial condition), all we need do is 
find i(k) to compute V(k). The current i(k) is given 
by [Viy(k)—V(k)] /R. 

Since the voltage will not change instantane- 
ously across a Capacitor, [Vix(k) —Vy (k) ]/R will 
approximately equal [Vix(k) —Vp (k-1)] /R. From 
this approximation it follows that: 


V,(k) = V,(k — 1) +—* me At (4a) 
= aAtV,.(k) + (1 — aAt)V,(k — 1) (4b) 
where a = 1/RC. This general equation can 


simulate, in the time domain, any network that 
has the transfer function a/(st+ta) in the 
frequency domain. 

In the single-pole, high-pass network shown in 
Fig. 1, the output is equal to the input voltage 
minus the voltage on the capacitor. The circuit 
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analysis is very similar to that of the low pass just 
described, and the final result is: 


Vo (k) = aAtV y(k) + (1 — aAtVe(k — 1) (5a) 
Vo (k) = Vix (k) — Ve (k) (5b) 


Analyzing lag/lead networks 


The next basic network is the lag/lead, obvious- 
ly very similar to the single-pole low pass. In this 
case, however, output voltage is the voltage on a 
capacitor plus the current times R,. The current is 
approximately [Vin(k)-Ve(K—-1)] /(R, + Re); when 
this is substituted into Eq. 3, the resulting value 
gives the voltage on the capacitor. Adding that to 
R, times the current finally results in: 


Vth) = DAW wh) + OF = BADVeK 4) (6a) 
Vo(k) = bV,y(k)/a + (1 — b/a)Ve(k) (6b) 


where a = 1/(RoC) and b = 1/[(R, + RC]. 


Behind every lead/lag network... 


The lead/lag network strongly resembles a high 
pass because its output voltage equals the input 
voltage minus the capacitor voltage. We do not 
obtain identical results however, because the 
capacitor charging current is different. 

If At is small, Vc-(k) approximately equals 
V.-(k-1), and the output equation can be immedi- 
ately written as: 


Vo(k) = Viy(k) — Ve(k — 1) (7a) 


Although the output value is known, we must 
also calculate the voltage on the capacitor to have 
the value of V-(k-1). Looking at Fig. 1 for the 
definitions of the various currents, we see that 
I-(k) = I,(k)-I,(k). Since V, (k) is known we can 
determine that I, (k) = V, (k)/R, and I, (k) = [Vi (k) 
-Y, (k)] /R,. This gives us I.(k), which can be 
put into Eq. 3 to yield: 


Volk) = Ve(k — 1) + bAt(k) — aAtV,, (k) (7b) 


Now a = 1/(R,C) and b = (R, +R,)/(R, RoC). 





Fig. 3—Nonlinear circuits, such as this peak detector, are 
handled very much like linear circuits. 
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Something old, something new 


The network for the final transfer function, the 
bandpass, resembles the low-pass except that the 
charging current is given by the current in the 
resistor minus the current in the inductor. Now 
for the first time, a discrete time equation for the 
current in an inductor is needed. Fortunately, the 
continuous time equation for the current in an 
inductor (Eq. 8) is the dual of the continuous time 
equation for voltage on a capacitor. 


l(t) =1(0) +4 | “Vibe (8) 


Making the same assumptions as in previous 
cases results in: 


wie (9) 





I(k) =I(k —1) + 


Since the final equation will use ‘‘a’s’”” and ‘‘b’s”’ 
for generality’s sake, we must eliminate terms like 
R, L and C. Because Eq. 9 contains a stray L and 
Eq. 3 a lone C, knowing that 1/(LC) = b? is not 
sufficient: We must choose values for L and C. 
Though in this instance we can choose any value 
of L and solve for C (and vice versa), the 
procedure is easier if L = C = 1/b. Then, if a = 
1/RC, we have: 


I, (k) =I, (k — 1) + bAtV, (k — 1) 
V,(k) = aAtV,,y(k) + (1 — aAt)V,(k — 1) 
— bAtl, (k) 


(10a) 
(10b) 





Fig. 4—Simulated step response of a single-pole, low-pass 
filter is shown for various values of aAt in 0.1 steps from 
essentially zero to 1.0. 











When the shoe does not fit 


Often the desired transfer function can be 
broken down into factors modelled after the five 
common transfer functions shown in Fig. 1. 
Unfortunately, some transfer functions do not 
resemble a product of the five just described. It is 
then necessary to derive equations for the 
circuit that produced the transfer function. 

The active bridged-T bandpass filter shown in 
Fig. 2 provides one such example. Begin by 
making the usual op-amp assumptions. Voltage 
on both input pins is the same and no current 
flows into the input terminals. Also, the output 
voltage will equal the input voltage plus the 
voltage on each of the capacitors. To determine 
the voltage on the capacitors requires calculating 
the charging currents. Since no current flows into 
the op amp, current I, (which charges C,) is also 
the current flowing through R,. Therefore: |, = 
[Vin(k)-V, (k-1)] /R,; charging current I, equals |, 
plus I,;; and inspection shows Il; = [Vin (k)+ V, (k- 
1) /R,. Combining these equations yields: 














x ie q 1 
Wiha iik =) 4 fee + Re) AM (11a) 
At At 
RG V,(k — 1) + RG V.(k — 1) 
| 1 
V,(k) =V,(k —1) + Mel Valk At (11b) 
RC, 


Vo(k) = Vin (k) + V,(k) + V5 (k) (11¢) 


Enter nonlinear circuits 

Nonlinear circuits are handled in much the 
same manner as linear circuits. A good illustration 
is the diode peak-detector circuit shown in Fig. 3. 
Since the output is again a capacitor voltage, we 
need only find the charging current: |,, of course, 
equals V,(k-1)/R,; and ly is the voltage across R, 
divided by R,, if the voltage is positive. Subtract- 
ing I, from ly then gives the charging current. The 
equations that must be implemented on a micro- 
processor or minicomputer are: 


if Vin(k) — Vo(k — 1) > 0.6 
then Ly (k) = [Viy(kK)—Vo(k—1) -0.6]/R, } (12a) 
otherwise I,,(k) = 0 
Se a - Li (k) At 
Ge v= (1 a) Volk — 1) + ES (12b) 


If R, is very small, Eq. 12a could blow up; so, 
alternately we might use: 


if Vio) weak: 1S Ob 
then Vo (k) = Vin (k) — 0.6 (12c) 
otherwise V,(k) = (1 ae zc) Volk a) 
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Too big or small At spells calamity 


Intuitively, we recognize that At must be such 
that the approximations hold to produce accurate 
results. But smaller At’s mean more computations 
per unit of simulated time, resulting in longer 
running programs. In addition to these con- 
Straints, certain selections of At would be very 
poor indeed. 

For example, many of the equations in Fig. 1 
contain terms like (1-aAt) and (1-bAt). Under 
normal conditions, At is selected to be small 
enough that aAt<1, so the quantity in the 
parentheses is always positive, thus giving a 
stable output. If, on the other hand, At is large 
enough that (1-aAt) is negative, the capacitor 
voltage will appear to oscillate. So, in all cases, At 
must be selected so that terms such as (1-aAt) and 
(1-bAt) are always positive. 








STEP INPUT 


STEP RESPONSE 
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RESPONSE 
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Fig. 5—Simulated performance of the circuit is characterized 
by the transfer function of Eq. 13. An HP 9820 with plotter was 
used to solve this equation and the entire process from 
programming to plotting took under half an hour. 
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Fig. 4a shows the response of a low-pass filter 
to a unit step input with various values of At. 
Depending upon how accurate the simulation 
must be, we can select the proper aAt product. A 
good rule of thumb in many cases holds that all 
terms like aAt should be 0.25 or smaller. 

However, a danger exists in selecting At too 
small, especially in the case where the equations 
will be implemented on a pwP with 8- to 16-bit 
words. If At is significantly smaller than 1, the 
computational device might perform the opera- 
tion (1—almost zero) = 1. The discrete time 
equation for a low pass could thus reduce to V,(k) 
= V,(k-1)—not a terribly useful equation! 


Estimated values improve simulation 


In some cases values of At may occur on the 
order of 0.5 or 0.7, leading to insufficiently 
accurate simulations. A simulation can be im- 
proved to some extent with more elaborate 
equations using estimated values. 

The simulation begins to fall apart when aAt 
gets large because the assumption that V(k) = 
V(k-1) no longer holds. We can easily see how 
this condition affects low-pass simulation: The 
charging current at the beginning of the time 
interval At was [Vix(k)-V, (k-1) /R and at the end of 
that interval was [Vin(k)-V, (k}] /R; if these two 
currents are significantly different, we really 
cannot say that i(t) is a constant value and pull it 
out of the integral as before. 

Even though i(t) is not a constant value, it may 
still be assumed so; but we should choose some 
other value than [Vin (k)-Vo(k-1)] /R. A better 
value, then, would be the average current flowing 
during the time interval, which can be estimated 
by calculating the capacitor voltage in the usual 
way and calling this value V(k)’. Since the average 
capacitor voltage is probably close to [V(k- 
1)+V(k)’] /2, this can be used as the capacitor 
voltage in the previous calculation to yield: i(k) = 
{Vix (k)- [V(k-1) = V(k)’] /2¢/R. The procedure is 
repeated by going back and using this value of i(k) 
to recompute the capacitor voltage. 

To demonstrate how a particular linear circuit 
might respond to a variety of input signals, let’s 
look at the following network. Assume that the 
circuit has a transfer function of: 


Mo 3.925 X 10%s a 
Vin $2+439s?+4.3925x105s+1.256 108 


. 314 125s 
Bd (3 rele +125s+4x =o (13b) 


Looking at Eq. 13b, we recognize that the various 
factors represent a gain of 10, 50-Hz low-pass 
filter, 100-Hz bandpass filter and Q of 10. 

The next step is to select At. The low-pass 
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equation will contain a 314At term; the bandpass 
equation, both a 125At term and a 632.5At term 
(since the square root of 4x10” is 632.5). If we let 
At be 0.1 msec, then 632.5At will be 0.06325, and 
the 125At term will be 0.0125. 

Finally, the following steps must be converted 
into whatever language the particular computer 
used understands: 

1. Initially all capacitors are discharged, and no 
_ current flows in the inductor. At is 0.1 msec. 
2. Start a loop at time zero and increment it by At 

each time through the loop, stopping at 80 

msec. 

3. Calculate input voltage using the function. 
4. The output of the low-pass section will be 
314At times the input voltage, plus the previ- 
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Fig. 6—Schematic diagram of a typical AGC amplifier (a) shows 
the individual circuit blocks. Voltage gain of the voltage-con- 
trolled amplifier (b) is almost linearly related to the control 
voltage: The slope is slightly less than three. 


ous low-pass output multiplied by one, minus 

314At: Vy = 314AtVin + (1-314At)Vo . 

5. The inductor current will be the previous value 
of the inductor current, plus 632.5At times the 
previous value of the bandpass- filter output: I, 
= |, + 632.5At V,. 

6. The bandpass- filter output will be 125At times 
the input voltage, plus the quantity one, minus 
125At, multiplied by the previous value of the 
bandpass output with 632.5At times the induc- 
tor current subtracted from it: Vg = 125AtW + 
te A25AtIV,. — 632.5Ati,. 

7. Finally, plot 10 times the bandpass output 
(10V,) as a function of time and go back to the 
beginning of the loop. 

Not much computer capability is needed to 
solve these equations. (| used the HP 9820 
programmable calculator with plotter.) Fig. 5 
shows the input and output for each of my test 
signals. 

To prove the value of this analysis technique, 
try confirming that the output waveforms are 
correct using any other analysis procedure (La- 
place transforms, fourier transforms, building a 
breadboard circuit, etc.). True, the unit-step 
response and steady-state response to a 50-Hz 
sine wave are easy to obtain using common 
analysis procedure, but the full-wave rectified 
sine wave will take a bit longer and Vy = 1/(1 + 
10000t”) will be unwieldy. Finally, note that writing 
the programs, entering them into the calculator, 
and plotting graphs took less than a half hour! 
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AGC amplifier simulation 


To further illustrate the power of this tech- 
nique, consider the amplifier shown in Fig. 6a. 

The full-wave rectifier can be simulated by 
taking the absolute value of the output and 
subtracting the diode voltage drop. In cases 
where the output is less than a diode drop, a 
negative value is obtained that can be followed 
with an “‘if’’ statement to set the output to zero. 

Now, all that remains is to model the voltage- 
controlled amplifier. From the plot of voltage gain 
as a function of control voltage (Fig. 6b) and the 
fact that R; sets the minimum gain at 0.137, we can 
derive the following for the gain as a function of 
control voltage: 


EM > 3.37 
then GAIN = 2.63V,. + 9 (14) 
otherwise, GAIN = 0.137 


Suppose we want to find the response of the 
AGC circuit to a sudden input of a 1-kHz sine 
wave. Although the input sine wave could be 
calculated as in the previous example, the tran- 
sient response of this AGC circuit is about 150 
msec. Thus, selecting a plotter scale such that one 
cycle is one inch long will result in about 14 feet 
of transient response before the cycle reaches the 
steady state. If, on the other hand, we compress 
the scale too much, not only will individual cycles 
be illegible, but the graph paper will turn into a 
soggy ink blot! 

At least two solutions exist for this dilemma. To 
look at individual cycles of the steady-state 
response (perhaps to analyze for harmonic con- 
tent), computing the entire waveform but inhibit- 
ing the plotter for the first 150 msec is best. 

An alternate method—especially useful with 
regard to the envelope of the output—is to use 
the input modulation envelope as the input 
signal. If any filters exist between the input and 
the rectifier that would affect the modulation, 
these effects must be taken into account. 

For example, to test the response of the circuit 
to a sudden sine-wave input, input modulation 
should be a step function. If the input is 
capacitively coupled by a large capacitor between 
R, and R,, remove it, since it will tend to block the 
step function. 


Stepping through the program 


Let us now go through the program for the 
transient response of the AGC circuit. For a 14-Hz 
filter, a0.5-msec time increment is sufficient; and 
if we plot the first 200 msec, 400 calculations will 
result—which should not take too long. 

Initial conditions will be a shorted input for a 
long period of time so that both capacitors are 
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Fig. 7—Transient responses for the sudden application of large 
(a) and small (b) signals to circuit in Fig. 6 differ: The former is 
underdamped while the latter is not. 


discharged. Since the control voltage is zero, gain 

will be nine. Now write out the program: 

1. Initially both capacitors are discharged and the 

_ gain is nine. At is 0.5 msec. 

2. Start a loop at time zero and increment by At 
each time through the loop, stopping at 200 
msec. 

3. Calculate the input voltage. 

4. The output voltage then becomes the input 
multiplied by the gain. If output voltage 
exceeds a supply voltage, the output equals 
the supply voltage. 

5. Take the absolute value of the output voltage 
and subtract 0.6V. If this is a positive number, 
it is the rectifier output; otherwise the rectifier 
Output is zero. 

6. The 5-Hz low-pass filter output will be 31.4At 
times the rectifier output, plus (1-31.4At) times 
the previous 5-Hz low-pass output: Vy = 
31.4At Vp + (1-31.4At)V,. 

7. The input to the 14-Hz low-pass filter is —2 
times the 5-Hz low-pass output. If this value 
exceeds a supply voltage, the input to this 
low-pass filter is the supply voltage. 

8. Ihe output of the 14-Hz low-pass fiiter will be 
88At times the 14-Hz low-pass input voltage, 
plus (1-88At) times the previous 14-Hz low- 
pass filter output. 
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9. If the output of the 14-Hz low-pass filter is less 
than or equal to -3.37V, the gain of the 
voltage-controlled amplifier is 0.137; other- 
wise the gain is 2.63 times the 14-Hz low-pass 
output plus nine. 

10.Plot the output as a function of time. 

11.Return to the beginning of the loop. (Using 
an HP 9820 calculator, | came up with plots, 
shown in Fig. 7, that compare quite well with 
the experimentally determined response of 
Ref. 3.) 


Let your calculator do the breadboarding 


The equations presented here allow bread- 
boarding in equivalent software of virtually any 
circuit that can be built in hardware. Of course, 
software simulation cannot completely replace 
the hardwired breadboard since it cannot show 
problems such as noise on the power supply 
coupling into the input, ground loops, etc. 

However, software simulation will provide for 
faster initial breadboarding. Empty resistor bins, 
having to unsolder components for every 
change—these and other annoyances simply 
don’t exist in a software analysis such as this one. 
Finally, filters or signal-processing circuits that 
cannot be built in hardware may be implemented 
with a pP. O 
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Microprocessor programming 
trade-offs—which language is best? 


Too often we assume that assembly language and a higher level 
language are incompatible. Perhaps some rethinking will pay off. 


Lynn Carter, Tektronix, Inc. 


We must revise the way we think about program- 
ming languages. Languages are indeed program- 
mers’ tools, and like most tools, no one is perfect 
for all applications. But many users think an 
assembly language and a higher level language 
can never be used together. That belief is not only 
wrong, it’s self-defeating as well. The problem is 
getting a program into a processor, and a 
programmer must therefore be able to choose 
the most appropriate language—or languages!— 
for his specific application. 

When choosing a programming language, 
then, many costs and advantages must be 
weighed to avoid the trap of overly simplified 
yardsticking. For example, the efficiency of the 
resulting object code in terms of memory used 
frequently is compared only to direct program- 
ming costs. In the real world, profit functions are 
never simple linear equations. Rather, they are 
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extremely complex ones for which the analytic 
solutions aren’t known. Even if a straightforward 
equation lies beyond our current knowledge, 
identification of the variables can be quite 
beneficial. Accordingly, we'll attempt to identify 
these variables for microprocessor programming 
languages. 

We will base our discussion on two assump- 
tions: that wP hardware development will contin- 
ue to make last year’s state-of-the-art machine 
obsolete; and that the user can search the field 
for the “best’’ processor for his application. 
Given these assumptions, we can derive a list of 
points that the user should carefully consider 
when selecting a programming tool: 

e Direct and indirect programming costs 

¢ Cost of converting to new pP’s 

e Memory costs 

e Memory constraints 

¢ Program-efficiency constraints 

e Manpower constraints 

e Availability of development systems 

e Reliability 
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Weigh direct and indirect programming costs 


Writing a program involves more costs than just 
the expense of coding, debugging, and mainte- 
nance. Consider the costs of change, for exam- 
ple. Educating a programmer or engineer in the 
use of a new language can be expensive. Then, 
too, a learning curve always exists as a program- 
mer comes on board. It’s unfortunately true that 
old, tried, known tools are usually the preferred 
choice, even when a new tool appears better. 

Most programs undergo change as well. This is 
especially true if the product being developed 
addresses itself to a state-of-the-art market. 
Sometimes program-modification costs even 
exceed the initial development cost; thus, the 
proper choice of a programming tool with regard 
to flexibility can save substantial money and time. 


Examine costs of converting to new pP’s 


Those instrument manufacturers who don’t 
make their own pP’s can choose the “‘best’”’ one 
for their product. Unfortunately, if the software 
development time is long (more than a calendar 
year), a high probability exists that a better wP will 
become available before the development is 
completed. 

In such a situation, a designer can avoid 
needless rewrite time by using programming 
languages that are machine independent. Thus, 
he might opt for a high-level language. 


Memory costs are language dependent 


Some tools are easy to use, others produce 
precise results, and the ideal one provides both. 
Unfortunately, higher level languages tend to 
produce code that requires more memory than a 
corresponding assembly-language program. Here 
a trade-off situation occurs where the number of 
different units to be manufactured must justify 
the cost of the required extra memory. 


Constraints sometimes rule 


Some real-time applications require program 
speed that only the most carefully coded 
assembly-language programs can attain. Insucha 
case, the speed constraint may force the writing 
of program sections (or even the total program) in 
assembly language, regardless of the software 
development and other costs. 

Other constraints, such as those posed by 
manpower and time, affect language selection. 
Large projects, for example, require considerable 
time. Adding more personnel sometimes reduces 
this time factor, but only to a point. An alternate 
approach is to make each programmer more 
efficient through the use of a higher level 
language. 

From another viewpoint, one should keep in 
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mind that reaching the marketplace first fre- 
quently outweighs extra cost due to inefficien- 
cies. The user should then ask himself, for each 
project: ‘‘How much money is it worth to have a 
product on the market six months before the 
competition?” 





Time constrains users in other ways, too—some 
of which can be overcome by a wise choice of 
language. One instance concerns the unavailabil- 
ity of hardware/software development tools. 
When these are not available at the appropriate 
time, the choice of a machine-independent 
language will permit work to start long before test 
systems are constructed. 


Don’t forget reliability! 

Arguments for cost savings and reduced time 
don’t mean much when the result is an unreliable 
system. It is therefore best to choose program- 
ming languages designed to help solve the kinds 
of problems a programmer faces during his 
project. If the programmer must rearrange the 
solution to fit the language, the probability of 
error goes up and reliability drops. 

While an answer arrived at too late is no 
answer, a wrong answer on time serves no 
purpose either. Users should ask themselves, 
then: ‘‘What is the cost of modifying firmware in 
systems already in the field, both in real dollars 
and in loss of customer confidence?” 


What this industry really needs is... 


If memory and efficiency costs and constraints 
are not significant, a higher level language is the 
obvious choice. Unfortunately, these constraints 


do tend to be important; thus, using only a higher 


level language can be unjustifiably expensive. 
The second-best solution is to identify the most 

inefficient segments in the code and recode them 

in assembly language. This approach provides a 
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good, flexible answer for most situations, espe- 
cially where the significance of the parameters 
changes. 

Though most programmers would prefer to use 
a higher level language if it produced a sufficient- 
ly efficient object code, they sadly continue to 
code away in primitive assembly languages, 
waiting for someone to develop a better higher 
level language compiler. However, the real solu- 
tion to this problem is a better uP. 
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and readouts, looks for needs . .. your 
needs ...and then they develop solutions 
for your every application. No other com- 
pany offers you one-stop shopping in all 
these product areas. And no other com- 
pany has more experience in the visual 
display field. Dialight helps you do more 
with these products than any other company in the 
business, because we are specialists that have done 
more with them. Talk to the specialists at Dialight first. 
You won’t have to talk to 

anyone else. Send for your DIAL IGHT 
free new COpy of Dialight’s Dialight, A North American Philips Company 


203 Harrison Place, Brooklyn, N. Y. 11237 
Current catalog. (212) 497-7600 


See Dialight. 


For more information, Circle No. 52 
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PLL lock indicator uses a single IC 


John C. Hanisko 
Consultant, Detroit, Ml 


It is advantageous—sometimes even manda- 
tory—to know exactly when a phase-locked loop 
has lost lock. The circuit shown in Fig. 1 provides 
this information, as well as indicating acquisition 
of lock. 

The operation of this circuit derives from the 
concept that the loop is locked as long as the 
Static-phase error is less than 90° (quadrature 
lock). Appropriately off-setting the zero- 
crossover detector achieves lock-limits for static- 
phase errors other than 90°. Fig. 2 shows a timing 
diagram for the system in a locked condition. 

As long as the positive-going edge of V. occurs 
at the time V, is negative (|| <90°), the output of 
the retriggerable one-shot will be LOW. But if V, 
occurs at the time V, is positive (|@|>90°), the 
output of the retriggerable one-shot will go 
HIGH. 





= 10k 
UNITY GAIN 4 
BUFFER 22k 


-5VO 
RE-TRIGGERABLE 
ONE SHOT 





ZERO 
CROSS 
DETECTOR 


3.3k C, 45 


<= 
on 
wa 
Ee 


LOCK DETECTION CIRCUIT 


Fig. 1—Loss of lock in a PLL is detected by this lock indicator. 
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R, and C, determine the characteristics of the V; 
pulse. Rs, Rs, Ry and C, determine the time 
duration, tg, of the one-shot. In general, this time 
duration should be large relative to the period of 
the free-running VCO multiplied by N. The 
output of the one-shot will remain HIGH for t, 
seconds after the last out-of-lock pulse (V5) 
occurs. 

When the system is turned on, the output of 
the one-shot goes HIGH and remains HIGH until 
lock is obtained plus ty seconds, at which time it 
goes LOW. If during operation lock is lost, the 
output of the one-shot again immediately goes 
HIGH and remains HIGH until lock is reacquired 
plus t, seconds, at which time it goes LOW once 
more. 

This latter fact proves especially useful in 
systems where certain processes must be inter- 
rupted immediately upon loss of lock, and may 
proceed again only after definite reacquisition of 
lock. 

Aside from the passive components and the 
diode, the whole system can be built from one 
quad op amp package such as the RC4136, thus 
revealing the simplicity of this detector. 





Fig. 2—Waveforms for the lock detector include the PLL input 
(V,), divider output (V.), buffer output (V3), and zero- 
crossover detector output (V4). 
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FAST MULTIPLIERS 
For Signal Processing 


TWO 


© SINGLE CHIP © BIPOLAR ® SINGLE 5V SUPPLY 





8-BIT MULTIPLIER 16-BIT MULTIPLIER 


130 Nanoseconds 200 Nanoseconds 


@ Parallel 8 x 8 Bit e 3-State Outputs e Parallel 16 x 16 Bit e@ 3-State Outputs 
Multiplier 


@ Two’s Complement @ Rounding Option @ Two’s Complement @ Rounding Option 
@ Internally Latched @ Single Chip Bipolar @ Internally Latched @ Single Chip Bipolar 
Technology Technology 


e TTL Compatible I/O e Asynchronous Multiply @e TTL Compatible /O © Asynchronous Multiply 


40-Pin DIP 64-Pin Flat Pack 
DIP available soon 





- Coming next a 128-Bit Shift Register and a 64-Bit Parallel Correlator. 


Delivery is 30 days or less. For detailed data, applications information and prices 
call (213) 536-1977. Or write: TRW Electronic Systems Division, One Space Park, 
E2/9043, Redondo Beach, California 90278. 


LSI products from a company called 


TRW 


For more information, Circle No. 61 105 





Line driver is compatible with OCI line receiver 


Ken Erickson 
Interstate Electronics Corp., Anaheim, CA 


The line driver shown provides a balanced 
differential drive to an optically coupled line 
receiver. The driver’s output impedance was 
designed to match the characteristic impedance 
of a 75 transmission line, thus minimizing signal 
reflection at the line receiver. Because of imped- 
ance matching with the driver (which absorbs any 
reflections from the termination), the value of 
resistor R is calculated to yield only the desired 
LED current—not to match the transmission line. 
This value along with the driver-output imped- 
ance (about 75Q)) controls the level of the OCI 
LED current. 

Since the open circuit driver-output voltage (5V 
peak) is much larger than the forward voltage of a 
LED (typically 1.7V), good control of the LED 
current is achieved. Diode D, is included to 
provide a current path when the LED is reverse- 
biased. 

A logic ONE level input to the driver input is 
inverted to a logic ZERO level by inverter A, thus 








turning on transistor Q, and turning off the 
open-collector output of gate B. The logic ZERO 
output of inverter A is then inverted to a logic 
ONE level by inverter C to inhibit the turn-on of 
transistor Q, and to cause the output of open- 
collector inverter D to turn ON and go LOW. 
With the assumed logic ONE input level, current 
is sourced into the transmission line and LED by 
transistor Q,, then sunk by the inverter D output. 

Likewise, a logic ZERO level input at the driver 
input results in the driver-output current being 
sourced by transistor Q, and sunk by inverter B. 
This causes diode D, to conduct, thus turning off 
the OCI receiver LED. 

One-half of the driver circuit shown may be 
used as a single-ended line driver. However, to 
maintain impedance matching with a 75© cable, 
change the 300 output resistors to about 6222. 

Propagation delay of the driver is typically less 
than 50 nsec. © 
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Because the driver is matched to the line, it absorbs any reflections from the termination, which is not matched to the 


line. 
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_____ just one application where data integrity and ease of maintenance are vital. The SEMI 4104A static, 
_________'4K RAM answers both problems perfectly. Itis static; that means simpler, faster field maintenance. 
________ And just 15 mw will protect data. The 1K x 4 organization is ideal for small capacitysystems, 
________and the 200 nsec access (350 nsec cycle) time makes it fast enough for any 8080A class SCS 


caine microprocessor on the market. Get full details from 
Cay a aS EN our local EMM SEMI distributor, or 











call us today. 


For more information, Circle No. 62 





The point of sale terminal is 





EM sew 


A subsidiary of 
Electronic Memories & Magnetics Corp. 
3883 N. 28th Ave., Phoenix, Ariz. 85017 
(602) 263-0202 
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Divide-by-N uses shift register 


Jim N. Hobbs, Jr. 
IBM, Research Triangle Park, NC 


Useful for those hard-to-get, bulky frequency 
dividers—and particularly for tracking odd-bit 
serializer/deserializers—this circuit is easily con- 
structed from TTL logic. As shown in the accom- 
panying figure, a 7496 is used as the 5-bit shift 
register, a 7486 as an exclusive-OR, and a 7404 as 
an inverter. The output has a 50% duty cycle. 

Assuming a Start from reset (all shift-register 
outputs LOW), the serial input of the shift register 
has a positive input. The gate leg of the input 
exclusive-OR is also LOW, so the input frequency 
is not inverted through that circuit. At the first 
positive shift on the shift-register clock input, a 
positive level will be shifted to the A output. On 
each succeeding shift (logical ZERO to ONE), 
each successive output (B through E) will go 
positive. 

When the E output goes positive, the serial 
input of the shift register will be negative, and the 
gate leg of the exclusive-OR will cause the input 
frequency to be inverted through that circuit. The 
clock will then immediately go negative and 
one-half clock cycle later will shift positive. The 
clock output of the shift register is now 180° 
out-of-phase with the input frequency. 


INPUT FREQUENCY 


INPUT 





At the next clock-input (positive shift) the LOW 
level (logical ZERO) at the serial input will transfer 
to the A output. Each succeeding positive clock 
shift will then transfer a LOW level to each 
successive shift-register output, until the E output 
goes negative, at which time we are back at the 
starting point: all cycles will be repeated. 

The wiring diagram and timing chart show the 
circuit to be a divide-by-9. However, if the 
inverter input and gate leg of the exclusive-OR 
were wired to a different output, the frequency 
would be some value between one and seven. 
Depending on the inverter’s input connection, 
the circuit divides-by-1 if the connection is A; 
divides-by-3, if B; by 5, if C; by 7, if D; and by 
9, ALE. 

If an 8-bit shift register is used, the circuit may 
divide by as much as 15; and cascading shift 
registers will allow any odd number. 

By adding an exclusive-OR across any of the 
two outputs, the effective output of that circuit is 
one-half the basic circuit divisor, or in this case, 
4-1/2. The duty cycle is determined by the shift 
register outputs used. O 
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This 5-bit shift register and associated circuitry divides by 9. In the divide-by-7 version, there is one change: the 7404 input and 
exclusive-OR input (shown here as connected to output E) are reconnected to D, and E is left open. 
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YOU WERE 





MER’S 
oy MOS OF 14-PIN DIP SUGGEST OTHER 
MODEL TIE-POINTS CAPACITY LIST* | FEATURES 


Its not as silly as it Sounds. 
Because many bright engineers 


and technicians are stillspending 86 630 6 $1595 Kit— 10-minute assembly 
their time soldering, desoldering —PB-100 760 10 19.95 Kit —with larger capacity 
and resoldering. Instead of PB-101 940 10 29.95 8 distribution buses, 
designing higher capacity 
Beare ee : PB-102 1240 12 39.95 Large capacity, moderate price 
: Which IS pretty Silly, CON PB-103 2250 24 99.95 Even larger capacity: only 
sidering the waste of talent. 2.7¢ per tie-point 
Especially when there's a better PB-104 3060 32 79.95 Largest capacity: lowest 
alternative. price per tie-point 
: PB-203 2250 24 75.00 Built-in 1%-regulated 5V. 
With CSC Proto-Board 1A low-ripple power supply 
solderless breadboards, as- PB-203A 2250 24 120.00 ~_— As above plus separate '2-amp 


+15V and —15V internally 


sembling a circuit is practically adjustable regulated outputs 


as fast as designing one. No 
special jumpers or patch cords required —all types of 
components —from complex microprocessors to 
resistors, capacitors and LED’s—connect 

and interconnect as simply as push- 
inginalead...or short lengths of 
#22-30 solid hookup wire. 
And circuit changes are 
done with the same 





“Manufacturer s suggested list 
Prices and specifications subject 
to change without notice 


HIRED FOR YOUR BRAINS, 
NOT YOUR BODY. 



















plug-out, plug-in ease. All thanks 
to rugged, nickel-silver contacts 
and CSC's superior use-tested 
design. 

Proto-Board breadboards 
are available in a variety of sizes, 
from 630 to 3060 solderless tie- 
points (six to thirty-two 14-pin DIP 
Capacity), at prices from $15.95* 
(kit) to $79.95. And if you'd like 
built-in regulated supplies, they're 
available too, in models priced at 
$75 and $120. 

Before you start your next 


project, put down your soldering iron and call 203- 
624-3103 (East Coast) or 415-421-8872 (West Coast) 
for full specifications and ordering 


information. Once you do. 
you ll find yourself solder- 
Ing less...and more 
than likely, earning 
more. 


Continental Specialities Corporation: 44 Kendall St. New Haven. Connecticut 06431 





44 Kendall Street. 


© 1976, Continental Specialties Corporation 


CONTINENTAL SPECIALTIES CORPORATION 


Box 1942 New Haven. CT 06509 
203-624-3103 TWX: 710-465-1227 
West Coast office: Box 7809. San Francisco. CA 
94119 © 415-421-8872 TWX. 910-372-7992 


For more information, Circle No. 63 





















Build a function generator with a 555 timer 


Walter G. Jung 
Consultant, Forest Hill, MD 


An inexpensive but high-performance function 
generator can be built from a 555 timer (used as a 
bilevel threshold detector), bidirectional current 
source, buffer amp, and a few components. 

The circuit is based on the linear charge and 
discharge of a capacitor by a constant current 
source. In this case, A;, an operational transcon- 
ductance amplifier, supplies the constant current. 
The current output of this device is programmed 
by variable resistor Rapc, and its polarity is 
selectable (for ramp up or ramp down) by the 
relative state of the differential inputs. 

A, charges the timing capacitor C, between the 
555’s two threshold points of +5V and +10V. The 
resulting linear triangular-wave output is buffered 
by A,, a single-supply FET-input op amp. As the 
triangular wave oscillates between the two 
thresholds, the 555 is toggled between its HIGH 
and LOW output states, creating a high-level 







1N758 


R, 
10k 
2 — 


(~13V) output at pin 3, and a5V TTL output at pin 
7. The latter output also controls the state of A. 

The design equation for output frequency is 
merely f=1/(RapcC;), where Razc is the entire 
resistance between R,; and A,’s pin 5 (not a 
completely precise relation, due to the Vpz of the 
3080A’s input current mirror). 

The circuit also adapts well to further modifica- 
tion. For instance, A, can be eliminated altogether 
if a buffered triangular-wave output is not desired 
and the lowest timing current used is much 
greater than the 555’s threshold current (as in the 
case shown). On the other hand, timing currents 
can extend downward to below 1 nA due to the 
use of A, with its FET inputs. This extends the 
range of operation into the 1000-sec region, while 
still using reasonable timing components. O 
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Built with a single-supply 555 timer, this function generator sweeps the audio range (30 Hz-20 kHz) with a single pot rotation. 


Binary to BCD conversion with P’s 


Dana F. Geiger 
Kulite, Ridgefield, NJ 


Many microprocessors use the binary number 
system for arithmetic operations such as addition, 
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subtraction, and so on. Naturally enough, the 
results of these operations are binary as well, and 
as such inconvenient to display. It thus proves 
desirable to convert these binary numbers into 
BCD, which can then be readily displayed using 
standard 7-segment decoders and LED’s, or any 
other standard display system. 
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LOAD BINARY 
NUMBER INTO 
ACCUMULATOR 


ACC = ACC — 01100100 
(HUNDRED) 


HR =-AR +1 


ACC = ACC + 01100100 
(HUNDRED) 


ACC = ACC — 1010 
(TEN) 


ACC = ACC + 1010 
(TEN) 


TR=TR+1 





A flow chart is shown for a .P program that converts an 8-bit 
binary number to BCD. Upon completion of the program, the 
hundreds register HR will contain the hundreds digit in BCD; 
the tens register TR, the tens digit in BCD; and the 
accumulator ACC, the units digit. 


Microprocessors can be programmed to carry 
out this conversion. Since the principle involved 
is straightforward, the user can translate the idea 
into software for his particular machine. 

Assume we have an 8-bit binary number to be 
converted to BCD. The maximum decimal num- 
ber that will occur for 8 bits is 255 (corresponding 
to binary 11111111). We then define three regis- 
ters: the hundreds register HR, the tens register 
TR, and the units register (used as the accumula- 
tor). Naturally, a 10-bit number will require a 
thousands register, THR. 

To begin the conversion, we subtract the binary 
number 100 (01100100) from the given binary 
number and determine if the result is positive or 
negative. If positive, the original number must 
have been greater than 100 (N-100> 0, N > 100). 
We then increment HR by one, and subtract 100 
from the previous result. If at any time the result 
comes out negative, we branch and immediately 
add back 100 so that our remaining value is again 
positive, but now known to be less than 100. 
When an integral number of 100’s has been 
subtracted, the number of hundreds in the 
original number is stored in the HR register. 

The binary number 10 (1010) is then subtracted 
from the previous result. Whenever the result is 
positive, the tens register TR is incremented. As 
soon as the result of repeated subtractions of 10 
becomes negative, the last value before turning 
negative is recovered by adding back 10. This 
remainder is the units digit of the final desired 
result. The HR register now contains the number 
of hundreds; the TR register, the number of tens; 
and the accumulator, the number of units. © 
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PROGRESS IN PRODUCTS 


Overvoltage-protection IC will 
always “let you down” 


PROGRESS IN 
SEMICONDUCTORS 


Much of the time and effort that 
goes into designing circuits to 
protect complex electronic sys- 
tems is no longer necessary. 
Motorola has packaged most of 
the components of an overvol- 
tage protection (OVP) circuit ina 
single, 8-pin mini-DIP, the 
MC3423. In fact, all you need 
add are a few resistors, one 
capacitor and an SCR. 

The MC3423 can handle a 45V 
dc differential power-supply 
voltage; has a3V, 300-mA output 
capability; dissipates 625 mW 
and operates at a 400-mA/psec 
output-current risetime rate. 
Two external resistors set the 
input trip level, while a single 
external limiting resistor varies 
output current. 

A quick count of pins—Vcc, 
Ver, sense-voltage input and 
output—shows that an 8-pin DIP 
would have four unused pins. 
Not to let these go to waste, 
Motorola has added some extra 
features. 


Two inputs for the price of one 


For example, a second sense- 
voltage input can be set inde- 
pendently of the first. Both 
connect to separate but cascad- 
ed internal amplifiers and thus 
have slightly different propaga- 
tion delays. Tieing them togeth- 
er gives the shortest possible 
delay. 

False tripping by noise and 
transients that would not harm 
the load can be prevented by 
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Don’t be fooled by its small size. The versatile MC3423 lets users tailor overvoltage 


protection to their system’s needs. 


connecting a capacitor between 
Vex and sense-input two. When 
Vcc rises above the trip point set 
by input one, an internal current 
source (another unused pin) 
begins charging the capacitor. 

If the overvoltage condition 
remains long enough for the 
Capacitor voltage to reach the 
trip point, the output activates. 
But if it disappears before 
activation, the capacitor dis- 
charges at 10x the charging rate, 
quickly resetting the timing 
feature. The value of C deter- 
mines the minimum delay, 
which can range from < 1 psec 
to several seconds. 


Know when overvoltage exists 


Two pins remain. One is an 
activation-indicator output—an 


open-collector transistor that 
saturates when OVP is activated 
and remains so until the SCR 
crowbar pulls the supply volt- 
age, Vcc, below 4.5V. It can 
readily activate a panel light or 
even shut down the power 
supply to reduce heat-sinking 
requirements. 

The last pin, a remote- 
activation input, is CMOS/TTL 
compatible and can be activated 
whether or not an overvoltage 
condition exists. It is ideal for an 
orderly, sequenced shutdown of 
power supplies during system 
faults. The MC3423 sells for 
approximately $1.50 (100). 

Motorola Semiconductor 
Products, Inc., Box 20912, Phoe- 
nix, AZ 85036. Phone (602) 
962-2122. Circle No. 297 
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Matrix LED display 


packs more 


electronics to significantly reduce 


system parts count 





SEMICONDUCTORS 
Model HDSP-2000, a 4-char- 


acter, 5X7 matrix display in a 
12-pin DIP, incorporates an 
integral red-glass contrast filter 
and can display the full ASCII 
code. Each character measures 
0.146x0.083 in., while center- 
to-center spacings are 0.175 in. 
Multiple clusters can be end- 
stacked to form character strings 
of any desired length. 

The new display provides 
on-board storage of decoded- 
row data plus constant-current 
sinking row drivers for each of 
the 28 rows. Consequently, the 
user can address each package 
through just 11 active intercon- 
nections. By comparison, com- 
peting units require up to 176 
connections and 36 components. 


Outside, looking in 
Internal circuitry consists of 





You need only 12 pins to address each 
HDSP-2000 4-character set. On-board 
electronics includes shift registers and 
externally programmable constant- 
current drivers. 


Compared with the external circuitry 
required for earlier and more expensive 
alphanumeric LED displays, HDSP-2000 
units reduce the parts count for a typical 
32-character system by a factor of 36:1. 


four LED matrices and two 14-bit 
serial-in/parallel-out shift regis- 
ters. Connections are such that 
any LED in the 5X7 matrices can 
be addressed by shifting data to 
the proper shift-register location 
and applying voltage to the 
appropriate column. 

All corresponding columns in 
each digit (all column 1’s, 2’s, 
etc.) tie to a single pin. In turn all 
column Fpins,  ete., ina 
multichip display, can be tied 
together. Thus, only five column 
switch transistors are needed for 
any size display (assuming they 
can handle the current), making 
display multiplexing extremely 
easy. 

Because a viewer may find a 
display objectionable if too great 
a difference exists between 
adjacent characters in a string, 
HDSP-2000 displays are classi- 
fied into 8 overlapping intensity 
categories. All characters of all 
packages within a given category 
fall within a 2:1 intensity ratio. 


A hot product 


The HDSP-2000’s significant 
amount of logic and display 
capability causes it to dissipate a 
relatively high 1.7W/package, 
165 mW/character. Therefore, 
users should give careful consid- 
eration to the thermal design of 
the display mounting, especially 
for long display strings. 

The displays sell for $47 per 
4-digit package in quantities of 
125. Small quantities are availa- 


ble from stock. 


Hewlett-Packard Co., 1501 
Page Mill Rd., Palo Alto, CA 
94304. Phone (415) 493-1501. 

Circle No. 298 


amiion’s 
cassette | 
transports are 


compatible to 
more standards: 


*A.N.S.1. 
*E.C.M.A. 
*1.S.0. 
*N.A.B. 


* Recognized under Com- 
ponent Program of Under- 
writers Laboratories. 

Amilon pioneered U.S. made 
quality cassette tape transports 
with flexibility in mind. 

















HERE’S PROOF: 


Long term speed 

accuracy: better than 1% 
Jitter: less than 1%, 
peak-to-peak 

Flutter & wow: less than 0.1% 
Search speed: 50 ips 


Read/write speed: 
1.875 to 12 ips 


Get all these advantages in one 
Cassette transport with versa- 
tile applications for about $100 
in OEM quantities. True modu- 
lar construction allows the 
addition or deletion of many 
options, tailoring the transport 
exactly for each application 
without the cost of unneeded 
features. 






















AMILON CORF7? 


49-12 30th Avenue Woodside, NY 11377 
(212) 274-1794 






For more information, Circle No. 64 
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DISPLAY. A_ gas-discharge unit, 


the 
W14-0001 is a 9-segment, 14-digit display 
that features a multiplexed design to 
minimize external contacts. The 0.4-in. 
high characters are easily read at 


distances to 25 ft—valuable in POS 
applications. As with all Plasma-Lux 
displays, this one has a “‘halo-effect’’ 
backlight which results in a more 
continuous line for greater visibility, 
clarity and contrast. $19.15. Cherry 
Electrical Products Corp., 3600 Sunset 
Ave., Waukegan, IL 60085. Phone (312) 
689-7702. Circle No. 166 


DPM’S. High accuracy, stability and 
noise immunity are combined with low 
cost in this pair of 3-1/2-digit units. 
Model 2860 operates from 120/220V ac 
line; Model 2861 is a 5V dc version. Both 
feature a bright 7-segment 0.43-in. red 
LED readout with automatic polarity, 
out-of-range indication and fixed deci- 
mal. Accuracy is +0.1% of reading +1 
digit. Stock ranges include 200 mV to 
200V and 20 pA to 200 mA. $69 (2861); $79 
(2860). Simpson Electric Co., 853 Dundee 
Ave., Elgin, IL 60120. Phone (312) 
697-2260. Circle No. 167 





LCD’S. The 3-1/2-digit displays in the 
3603 Series can be battery-powered for 
>1 yr in portable clock applications. 
Available with either light or dark digits 
on contrasting backgrounds, these units 
read to 11:59 and feature 0.5-in. high 
characters easily read from 15-20 ft. Both 
reflective and transmissive light displays 
are available. While the leads may be 
soldered directly, the displays are 
designed for single-edge mounting. $12 
(1000). UCE Inc., 20 N. Main St., 
Norwalk, Ct 06854. Phone (203) 838-7509. 

Circle No. 168 


CAPACITORS. Units in the 9371 Series of 
ceramic trimmer capacitors are compact 
(50% smaller than others of this type), 
economical and rugged. They are 
available in 4 capacitance ranges: 1.5 to 
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COMPONENTS/PACKAGING 





4,3to 10, 3.5 to 18 and 5 to 25 pF with Q’s 
>300 at 10 MHz. These units have an 
overall dia. of 0.225 in., above-the-board 
height of 0.215 in., and meet or exceed 
MIL-C-81. 75¢ (1000). Johanson Mfg. 
Corp., 400 Rockaway Valley Rd., Boon- 
ton, NJ 07005. Phone (201) 334-2676. 
Circle No. 169 


CAPACITORS. The Micro-T series air- 
dielectric types have their rotor and 
stator precision-machined from brass 
extrusions. Designed to mount inter- 
changeably with ceramic trimmers of 
similar dia. (0.22 in.), they are available in 
max. values of 5, 10, and 15 pF in either 
vertically or horizontally tuned pc- 
mounting versions. Units have a Q of > 
1000 at 100 MHz and a capacitance TC of 
+30 +15 ppm/°C. $1 (100). E. F. Johnson 
Co., 299 10th Ave. S.W., Waseca, MN 
56093. Phone (507) 835-5222. 

Circle No. 170 





THERMOSTATS. Series 5003 snap-action 


disc thermostats boast a thin low- 
silhouette wafer construction, Their spst 
single-break contacts are rated for 5A 
resistive at 120V ac or 3A resistive at 240V 
ac, and have a lifetime of 10° cycles. 
Units can be factory-set to any operating 


‘temp. in a —20 to +350°F range, and 


come in a variety of mountings and 
termination styles. $2 in production qty. 
with delivery 8 wks. ARO. Protective 
Controls, Inc., 320 W. Main St., Chartley, 
MA 02712. Phone (617) 226-1300. 

Circle No. 171 








INDICATORS. Each unit in the 249 Series 


of subminiature indicators is a complete 
package of light source, housing and 
lens ready for panel mounting from the 
rear in a 3/8-in. hole. A choice of LED 
(red, green or yellow) or neon light 
sources is offered, with short cylindrical, 
flat or stovepipe lens shapes. Assemblies 
that use neon light sources come with or 
without a built-in resistor. $1 to $1.96 
(1000). Dialight, 203 Harrison PI., 
Brooklyn, NY 11237. Phone (212) 
497-7600. Circle No. 172 


RELAY. Latest addition to the T10 line, 
this 6-pole Form C relay permits board 
spacing on 0.6-in. centers and accepts 
drive directly from logic (TTL, CMOS) 
IC’s. It is available with coil voltages of 6, 
12, 24, and 48V dc and 2 contact options: 
permissive-make contacts rated 0.1 to 3A 
at 28V dc or 120V ac resistive, or 
bifurcated contacts rated low level to 1A 
at 60V dc or 120V ac. Units are rated for 
5x10‘ operations at full load. Approx. $4 
(100). Potter & Brumfield, 200 Richland 
Creek Dr., Princeton, IN 47671. Phone 
(812) 386-1000. Circle No. 173 


SOCKET BOARDS. This series of 
wire-wrappable assemblies is compati- 
ble with DEC’s PDP/8 and PDP/11 
minicomputers. The compatibility re- 
sults from the boards’ single-sided 
construction—wrappable pins and sock- 
ets on the same side. The panels allow 
center-to-center board spacing as close 
as 0.5 in., and each 16-position socket is 
provided with 0.25-in. square pins long 
enough to permit 2- or 3-level top side 
solderless wiring. $50 to $100, with 
delivery 4 to 6 wks. ARO. Garry Mfg. Co., 
1010 Jersey Ave., New Brunswick, NJ 
08902. Phone (201) 545-2424. 

Circle No. 174 
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DISPLAY SOCKETS. Series 902-14 or -16 
sockets accept 14- and 16-pin 
alphanumeric-display modules and hold 
them at 45°, 60° or 90° to the board. They 
mount as close as 0.4 in. on center and 
have provision for running a tie-rod 
through them for gang mounting. 
Construction includes a glass-filled 
nylon socket, a glass-epoxy pc-board 
element with tin-plated circuitry, berylli- 
um copper, gold-over-nickel plated 
contacts and solder-coated, phosphor- 
bronze terminals. $1 to $2. Garry Mfg. 
Co., 1010 Jersey Ave., New Brunswick, 
NJ 08902. Phone (201) 545-2424. 

Circle No. 175 





SOCKET PANELS. The 326 Series of 
wire-wrappable boards handles up to 
2000 IC’s in any mix of 14-, 16-, 18-, 22-, 
24-, 28-, 36-, 40- and 42-pin packages. 
Their high 1/O capability (540 pins) 
enhances logic-requirement subdividing 


with no sacrifice in electrical or 
mechanical integrity. Multiple voltage 
planes (3) let the panels accommodate 
wP’s, RAM’s, ROM’s and other MSI/LSI 
IC’s. $342 (10). Mupac Corp., 646 
Summer St., Brockton, MA 02402. Phone 
(617) 588-6110. Circle No. 176 


LED MOUNTS. CLIPLITE™ devices 
eliminate the 3 biggest problems with 
discrete LED's: viewing angle, brightness 
and complex installation. This 1-piece 
mounting system snaps into a 1/4-in. 
panel hole with slight finger pressure. 
Striated lines and fresnel rings, com- 
bined with the use of transparent 
butyrate plastic, result in a6 x increase in 
brilliance over a 180° viewing angle using 
any narrow-beam T-1-3/4 LED. Units 
come in red, green and amber. 10¢(OEM 
qty.). Visual Communications Co., Box 
986, El Segundo, CA 90245. Phone (213) 
822-4727. Circle No. 177 





HEAT SINK. Designed to meet most 
medium-power requirements, Model 
4005 is fabricated from extruded alumi- 
num. It is available in a black finish, and 
comes in 1.5- or 3-in. lengths. An 
elevated device-mounting area permits 
both top and bottom fins. Although 
efficient in a natural convection mode, 
Model 4005 performs best in a moderate 
air flow. Units can be ordered with any 
standard hole pattern. $1.25 (250). 
AHAM, 968 W. Foothill Blvd., Azusa, CA 
91702. Phone (213) 334-5135. 

Circle No. 178 


TRIMMERS. Developed to satisfy 
general-purpose applications, Series 850 
cermet trimmers feature a brush wiper 
contact that ensures low noise and 
excellent settability. These trimmers 
offer high resolution, +100 ppm/°CTC’s, 
and a standard resistance value range of 
100, to 2 MQ. Rated for 0.5W at 70°C, the 
units are available in both base- and 
side-pin models and have an operating 
temp. range of —55 to +150°C. 99¢ 
(1000). Weston Components, Kennedy 
Blvd., Archbald, PA 18403. Phone (717) 
876-1500. Circle No. 179 


Give em hell. 


They can take it. And come back for more. Beautifully. 

You've spent a great deal of time and money designing your 
1001] olaat=1a) an Coma ola allem ial=mi(=1( mm M at-lamsalcYolatcmel al el q-ve | (e1t-le)(-Mevelalel 
Te} alma colere] amar-lareliiarem-tareme)(sranaymeli-| olU liom Vale mniaal=)amvzelelm olaerelUler 
is 200 miles from the nearest service center, it had better work. 

Give it the extra protection of Zero Centurion™ carrying cases, 
oZo) nal o}[aliave i iai—m el-s-) lamer l-tcyo]omsiarallare mi aieamaulele(sve me lUle-le)|invaa DIU e-t 
bility that’s been proven by people like yourself 
Tam=iahulcelalantsialt-lm=> 4tasipalctomclaelelalemialsmy\Zelalep 

Choose from 59 standard sizes for two week 
ol=tINV-1a\e wn OMA Titanelalilealic-vehaateyeliilerctt(elaners| ef-s 
bilities. And the price is surprisingly low. Consider 


it low cost life insurance on your equipment. 
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The Final Touch 


ZERO MANUFACTURING CO. 


Burbank, CA 213/846-4191 - Monson, MA 413/267-5561 - Clearwater, FL 813/531-8991 





Call me, I'm interested—Circle No. 66 For mail Catalog, Circle No. 65 
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COUNTER. Model 7428 Minicounter II 
features solid-state reliability, an 8-digit 
LED display, silent operation and 
counting speeds to 12,000 counts/min. 
The unit comes with or without reset, 
and provides a battery connection that 
retains count during power outage. 
Trigger level is 3 to 100V with a min. 
pulse width of 2.5 msec. Screw terminals 
provide connection convenience. $49. 
Dynamics Electronic Products, 9001 
Fullbright Ave., Chatsworth, CA 91311. 
Phone (213) 998-0121. Circle No. 180 


DISPLAYS. Pinlites Model 0-64 is a 
directly viewed, 4V, 16-segment, incan- 


descent alphanumeric display with a. 


5/16-in. character height. It offers 9000 fL 
of light output, giving contrast ratios to 
7:1 (filtered) in 10,000 fc’s of ambient 
light. The device comes in a 
0.312 0.406 x0.375-in. package, draws 
only 17 mA/segment, can be ac- or 
dc-driven and lends itself to most 
multiplexing schemes. Also available are 
3V (0-63) and 5V (0-65) models. $29 (100). 
REFAC Electronics Corp., Box 809, 
Winsted, CT 06098. Phone (203) 379-2731. 

Circle No. 181 


SWITCHES utilize a proven difficult- 
tease switch mechanism. Models MSS- 
104 (spdt) and MSS-204 (dpdt) provide a 
4A, 125V ac rating in a small, fully 
insulated low-profile case with pc 
terminals spaced on 0.1-in. centers. 
Contacts and terminals are supplied in 
silver with gold flash (optionally available 
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with gold plate). Offered with either top 
or side actuator levers, the units have a 
30,000-operation lifetime. 67 Z (1000) for 
an spdt model. Alco Electronic Products, 
Inc., 1551 Osgood St., N. Andover, MA 
01845. Phone (617) 685-4371. 

Circle No. 182 





DISPLAY SOCKETS. VERTISOCKETS, a 
full line of 8- to 40-pin sockets for 
optoelectronic devices, feature mount- 
ing angles (to the board) of 0°, 30°, 45°, 
60° and 90°. The design gives a firm 
no-rock mounting and positions easily 
for soldering. Bifurcated pin/contacts 
(either gold or tin plated) accept either 
flat or round leads for positive electrical 
contact. Sockets for edge-card mounting 
are also available. 98¢ to $2.85. Aries 
Electronics, Inc., Box 231, Frenchtown, 
NJ 08825. Phone (201) 996-4096. 

Circle No. 183 


TRANSFORMERS. A_ 60-Hz_ industrial 
device, Model 6B-60 supplies output 
voltages from 5 to 120V ac at a power 
level of 60W. With a 115V ac input, 
output-voltage tolerance is within 5% 
when measured at full load. The devices 
have an insulation test spec of 1500V ac, 
can operate at 80°C max. and are 80 to 
90% efficient. These transformers are 
vacuum-impregnated with a class B 
insulating varnish. $11.89. Abbott Tran- 
sistor Labs., Inc., 639 S. Glenwood PI., 
Burbank, CA 91506. Phone (213) 841- 
3630. Circle No. 184 











SWITCH. An_ illuminated momentary- 
action push-button design, the dpdt 
Type A20267 switch meets all require- 
ments of MIL-S-22885/18-01. It is 
environmentally sealed, shock and 
vibration resistant and operates over a 
range of —55 to +85°C. Designed to 
maintain stable contact resistance, the 
switch contacts are rated at 28V dc or 
115V ac for 2A resistive, 1.5A inductive 
and 0.5A lamp load. $11.92. Control 
Switch, 1420 Delmar Dr., Folcroft, PA 
19032. Phone (215) 586-7500. 

Circle No. 185 


SWITCHES. The unique design of the 
MR. CLEAN™ miniature slide switches 
facilitates cleaning and automatic han- 
dling while eliminating failures due to 
residual contamination from wave- 
soldering processes. Designed specifi- 
cally for low-energy applications, these 
units have contacts of hard gold over a 
nickel barrier and come in spst, spdt, 
dpdt and Form Z configurations. 52¢ 
(1000) for a spst version. Chicago Switch, 
Inc., 2035 Wabansia, Chicago, IL 60647. 
Phone (312) 489-5500. Circle No. 186 


TRANSFORMERS. The PC3000 Series of 
230/115V dual-primary, 50/60-Hz power 
transformers fills the need for off-the- 
shelf transformers for overseas and 
domestic use. All connections terminate 
in pc pins, permitting primary-voltage 
changes to be made on the pc board. 
Units provide stepdown and isolation 
from power lines at levels of 1.5, 4.5 and 
7.5 VA (6.3 to 115V output). $5.30 (100). 
Microtran Co., Inc., Box 236, Valley 
Stream, NY 11582. Phone (516) 561-6050. 

Circle No. 187 


SNAP SWITCH. An open design, the 
S38-20H allows easy insertion in a pc 
board. Its flexible front-mounting peg 
lets users assemble the switch by simply 
plugging it in—no additional hardware is 
necessary. Measuring 0.658x0.768 
x0.228 in., this switch is rated for 2A 
at 250V ac and has an above-the-board 
mounted height of approx. 1/2 in. $1.05 
(2000). Cherry Electrical Products Corp., 
3600 Sunset Ave., Waukegan, IL 60085. 
Phone (312) 689-7702. Circle No. 188 
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CATV systems, these economy-priced, 
75Q. fixed-attenuator pads work over the 
10- to 900-MHz range. Four models— 
FAM-3, FAM-6, FAM-12 and FAM-20— 
provide attenuation of 3, 6, 12, and 20 
dB, respectively. Input and output return 
loss ranges from 13 to 30 dB depending 
on freq. Typ. attenuation is within 0.5 dB 
for the -3 and -6, and within 0.5 to 2 dB 
for the -12 and -20. $3.61. Blonder- 
Tongue Labs., Inc., 1 Jake Brown Rd., 
Old Bridge, NJ 08857. Phone (201) 
679-4000. Circle No. 189 





MOTORS. This line of low-cogging, 
iron-core dc motors fits applications 
where low-speed stability and minimal 
jitter are important criteria. They come in 
2 diameters (1 and 1.5 in.) and with 
stall-torque ratings ranging to 25 oz-in. 
Models are available with ball bearings 
or sintered oilless bearings, and can be 
supplied with gearheads or ac or dc 
tachometers. From $7 (OEM qty.) for 
1-in. models; $12 for the 1.5-in. size. 
Canon USA, Inc., 10 Nevada Dr., Lake 
Success, NY 11040. Phone (516) 488-6700. 

Circle No. 190 


SWITCHES. Snap-in and panel-mounting 
units in the 513 Series of incandescent- 
illuminated, push-button switches come 
in round, square and rectangular shapes. 
Contact arrangements include N.O. or 
N.C. spst and spdt, in both alternate and 
momentary actions. Ratings are 125V ac 
or 30V dc, 3 to 5A resistive. Terminals 
come in gold-plated brass, contacts in 
gold-plated coin silver. $3.42 to $6.77 
(100). Dialight Corp., 203 Harrison PI., 
Brooklyn, NY 11237. Phone (212) 
497-7600. Circle No. 191 





ATTENUATORS. Designed for MATV and 


Problem Solver! 


Problem: 


Customer had a % hp, 115 volt single 
phase capacitor-run 3450 rom motor. Run- 
ning current was 4.6 amperes and starting 
current was 28 amperes with a start-up time 
of 1.6 seconds. 

He needed overload protection that was 
faster than that supplied by the internal 
ee sensors and a fairly 
| | quick dropout in case 
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Start-up Current Envelope - 
Vertical 7.5 amps rms/div. 
Horizontal .2 sec./div. 


of a jammed load or stalled rotor. 


In order to start the motor without blowing a 
— fuse, he was forced to use a 15 ampere rating. 
| This gave him stalled rotor protection at about 
; 10 seconds, but no overload protection. 

_ The standard long delay magnetic protector 
oo woo ©required a 7¥%2 amp rating to be able to turn his 
motor on reliably. This gave him his stalled 


| — Motor Characteristics rotor protection at about 5 seconds, and over- 


B — 15A Fuse 
C — UPG Delay 66, 5A 


Solution: 


The Airpax UPG Delay 66, at 5 amp 
rating eliminated this problem with turn on 
. . . locked rotor protection at about 4% 
seconds . and overload protection at 
about 150% on nameplate in approximately 
400 seconds. This allowed short periods of 
overload without nuisance tripping. His prob- 
lem was solved. (Delay 66 is also available 
in larger Airpax Type 219 and 229 Molded 
Case units up through 100 amperes.) 


load protection at 200%. Still not good enough. 





Stalled Rotor Trip Out 
Vertical 7.5 amps rms/div. 
Horizontal .5 sec./div. 


If you have an application with a special protection problem, call 
Airpax Electronics at Cambridge, Maryland (301-228-4600) or write 
for literature on Airpax Circuit Protectors and Circuit Breakers. 


AIRPAX ELECTRONICS 
CAMBRIDGE DIVISION 
os Cambridge, Maryland 21613 » Telex 8-7715 e TWX: 710-865-9655 
A A Other Airpax Divisions: 
CONTROLS DIVISION, Ft. Lauderdale, Florida 
Instruments for Industry 
AMERICAN DATA, Huntsville, Alabama 


TV Products 


For more information, Circle No. 67 
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DATALOGGER/MONITOR. The pP- 
based, field-programmable Model 90 
MC was developed by individuals in the 
sensor/transducer field who are thor- 
oughly familiar with customers’ data- 
acquisition requirements. The device 
provides a 14-digit display, built-in 
display of engineering parameters, an 
integral 21-col. printer, and an internal 
calendar/clock. Acquisition rates to 100 
points/sec and data storage to 1000 
points are featured. Consolidated Con- 
trols Corp., 15 Durant Ave., Bethel, CT 
06801. Phone (203) 743-6721. 

Circle No. 192 


LINE PRINTER. With this unit, 3 hrs. of 
TTY operation take only 5 min. of 
printer-output time. Easily interfaced 
with most wP systems, it provides print 
speeds to 2400 Ipm (80 col.) or 1400 lpm 
(132-col. version). Line-to-line spacing is 
6/in., while column-to-column spacing is 
10/in. $3000. Delivery, 60 days ARO. 
Houston Instrument, 1 Houston Square, 
Austin, TX 78753. Phone (512) 837-2820. 
Circle No. 193 


POWER SUPPLY. Providing 5.2V at 
16-80A and 2.2V at 0-50A, the JF102 
operates from 115/230V +15%, 47 to 
63-Hz single phase. Fan cooling of its 
compact 5x8x10-1/2-in. case permits 
full output to 50°C (70% at 71°C). 
Overload, thermal and overvoltage 
protection are built in, and the output 
voltages can be remotely programmed 
+5%. $720. ACDC Electronics, 401 Jones 
Rd., Oceanside, CA 92054. Phone (714) 
757-1880. Circle No. 194 
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INSTRUMENTATION AMP. Ten of the 
MX Series-Model B mount in a7-in. high 
rack. Each provides wide-band gain 
accuracy and linearity of 0.01% on all 10 
switch-selectable gain ranges. Front- 
panel controls permit all the gain and 
bandwidth variations usually available on 
high-priced units. Gain from unity to 
1000, bandwidth to 80 kHz, and gain 
stability of 0.01% for 6 mo. lead the 
spec’s. $565. Preston Scientific, Inc., 805 
E. Cerritos Ave., Anaheim, CA 92805. 
Phone (714) 776-6400. Circle No. 195 





SCOPE. Model PM3265E, a 150-MHz 
dua!-trace portable that weighs only 21 
Ibs. and draws only 55W, features 
on-screen display of both main and 
delayed time base in the alternate mode. 
This enables both the main time base 
with the intensified zone and the 
delayed time base expansion of both 
traces to be viewed simultaneously. 
Trace-separation controls allow easy 
alignment of the resulting 4-trace 
display. Sensitivity and max. sweep 
speed are 5 mV and 2 nsec, respectively. 
$2750. Philips Test & Measuring Instru- 
ments, Inc., 400 Crossways Park Dr., 
Woodbury, NY 11797. Phone (516) 
921-8880. Circle No. 196 





SOPHISTICATED DMM. Using micro- 
processors for both computation and 


remote programming, the 6-1/2-digit 
Model 3455A checks its dc and ohms 
circuits for accuracy, then makes 
corrections. It measures dc from 1 pV to 
1,000V, true-rms ac from 10 pV to 1000V 
and resistance from 1 mQ to 15 MQ. DC 
measurements are made at 24 readings/ 
sec with 1-wV sensitivity and accuracy of 
+0.0023% at F.S. HP-IB 1/O for systems 
operation is standard. $3200. Hewlett- 
Packard Co., 1501 Page Mill Rd., Palo 
Alto, CA 94304. Phone (415) 493-1501. 
Circle No. 197 









TEST SET. The TC-100, with generator/ 
analyzer/interface sections, performs a 
wide range of troubleshooting duties to 
locate and define faults that develop in 
today’s modern data-communications 
systems. It can simulate and test all 
components of the data network 
including communications circuits, 
modems, terminals and computer ports, 
as well as test both system hardware and 
software. Dynatech Laboratories, Inc., 
900 Slaters Lane, Alexandria, VA 22314. 
Phone (703) 548-3889. Circle No. 198 


DATA LOGGER. The compact 
(3.8X4.5X7-in.) 3-lb Model 221 features 
true incremental recording on standard 
Philips cassettes. One to 16 channels of 
analog information at a 0 to 10V level 
may be multiplexed, converted to digital 
data, buffered and clocked onto a 
cassette tape at rates to 100 bps. 
Recording format is complementary 
NRZ; recording density, 615 bpi. $1375. 
Memodyne Corp., 385 Elliot St., Newton 
Upper Falls, MA 02164. Phone (617) 
527-6600. Circle No. 199 


SWITCHER. Delivering 375W total power 
output from a 10-lb package, Model 
MM-230 has 3 outputs—5V at 75A, and 
any 2 of 12V/8A, 15V/8A and 18V/6A. 
Efficiency reaches 80%, and the unit also 
features 1% p-p or 50-mV p-p ripple and 
noise, line regulation of 0.4% and load 
regulation of 0.4%. Response time is 200 
wsec to 1% after a 25% load change. An 
integral fan allows full rating to 40°C, 
derated to 60% at 70°C. $530. Delivery, 
8-9 wks. ARO. LH Research, Inc., 1821 
Langley Ave., Irvine, CA 92714. Phone 
(714) 546-5279. Circle No. 200 


EDN OCTOBER 5, 1976 





STABLE AC SOURCES. The high-power, 
3-phase STABILAC™ ac sources com- 
pensate for both line and load changes, 
holding output voltage within +4% 
despite simultaneous no-load to full- 
load shift and —20% to +10% line 
variations. Ratings run from 9 to 150 kVA, 
with corresponding prices from $2000 to 
$12,000. Delivery, 6 wks. ARO. Frequen- 
cy Technology, Inc., TDC Div., Box 365, 
Littleton, MA 01460. Phone (617) 456- 
3374. Circle No. 203 


PRINTERS. The Swiss-made, 388 Series 
Precisa pressure-printing OEM units 
handle up to 16 columns in 2 colors on 
standard 2.25-in. wide paper rolls. The 
simplified design permits printing of 5 
million lines without servicing. Printing 
speed is 3 lines/sec, with the motor 
starting and stopping for each print 
cycle. $89 (100). Master Digital Corp., 457 
Promontory Dr. West, Newport Beach, 
CA 92660. Phone (714) 675-9674. 

Circle No. 204 


PULSE GEN./P.S. Model 151 contains 
both a digital signal source and a logic 
power supply. The highly regulated, 
short-circuit proof supply delivers 1A@ 
5V dc, while the signal source provides 
simultaneous true and complementary 
TTL-compatible square waves and pulses 
(10 Hz to 100 kHz) in its astable 










eo) dial¢=iaumiialsm e)gialts)ane) mm anleve(-\anm-tom 7211 
as CRT display. 

There are a lot of other reasons 
why the Digitrend 240 is the most 
exceptional cost/performance proc- 
ess monitor available today. Things 


Because monitoring by exception is 
lol-Tove)aali ate mn (al- mae] (= 2am BYo)¢ (onl al- (om ol 8)| are! 
new breed of process monitor. The 
Digitrend 240. 

The heart of the Digitrend 240 
System is a proven 8-bit micro-proc- 


mode—with manual and remote gating 
available. Monostable-mode output is 
single pulses, continuously variable from 


5 psec to 50 msec. $79.50. Integral 
Electronics Corp., Box 286, Commack, 
NY 11725. Phone (516) 269-9207 

Circle No. 201 


CONTROLLER. Cost-compatible with 
relay panels on small applications, the 
Model 1001 programmable logic control- 
ler allows simplified direct entry of relay 
ladder diagrams without conversion to 
computer language. This unit also 
provides the programming and editing 
features of a CRT; contains an extra 
‘wild-card’ that allows flexible program- 
ming to add functions; and includes a 
test panel that enables testing of both 
program and processor on an individual 
GO/NO-GO basis. Under $1000. 
Struthers-Dunn, Inc., Systems Div., Box 
J, Bettendorf, 1A 52722. Circle No. 202 


tssfo] mai Gale Wanl> ase) avmcar- leer: lamarclare|(= 
up to 1000 input points with 4 in- 
dividual setpoints per point. 

Up to 32 unique measurement 
functions are featured with scaling, 
linearizing, offset and engineering 
units of millivolts, volts, thermo- 
couples, RTDs and current 
transmitters. 

Simple keyboard programming 
= Talo ml @xe)a) (ce) r= tale ©) 8] 1 0)6) aro) e)i(e)arcmelh=) 
you the system capabilities to meet 
Kole] axe) aie lalcel6(>masve)aliceldialemal=\-\e ice 

The Digitrend 240 can be oper- 
1 (<Yo a o)Vas o]U1<) a] 06 ]4(o)a Mmore)al(ge)in(=\aaaliatel 
and computer. With output on strip 












like autorange, sub-interval scan- 
allele Fans =1ane)(comcyor-lalaliale mma slaale)(o Welle le 
tal displays, and the most versatile 
alarm package around. 

So for a complete description with 
prices and demonstration, write 
De) g(omeytoi(=1a)tilenm BY isike)a me) ml =i aalslasve)al 
Electric, 3883 Ruffin Rd., San Diego, 
(07 Was) 40a ©) xor-| | en Co)| ni g-X- 0 (31010) 
854-2708 — in California (714) 
965-4415 collect. 

Find out how you can manage 
NY£0)0] ai 0) gerer=s-1- @)Va =». (ox=) 0) (10) a Mars) ale (ele) 
exceptional 
nthe | | DORIC 
process. 
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DIGITREND 240 PROCESS MONITOR 
| It helps you manage 


your process 
Taaialsweaalessy 


excepuonal 





For more information, Circle No. 68 
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Fenner 
Endless Belts 








driving force 


Fenner Posi-Drive ‘40 DP”’ Belts 
are designed for precision per- 
formance in sensitive drive ap- 
plications. These gear tooth belts 
are ozone-resistant and will op- 
erate at pulley speeds up to 
20,000 RPM. Available in 64 dif- 
ferent sizes, with either Keviar or 
Polyester construction, Fenner 
Posi-Drive Belts offer excellent 
flexibility to meet your most ex- 
acting design requirements. 





FENNER AMERICA 
400 EAST MAIN STREET 
Middletown, Conn. 06457 


Tel: 203-346-7721 


For more information, Circle No. 69 
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DMM SCOPE OPTION. Model DM44 
provides the Tektronix 465, 466, 475 and 
475A portable scopes with a means for 
fast, direct readout of time intervals and 


frequency; as well as dc-voltage, 
resistance and temperature measure- 
ments. Basic accuracies claimed are 1% 
for timing, 2% for period, 0.1% fordcV, 
0.25% for resistance and +2° for 


temperature. $410 (plus scope cost). 
Tektronix, Inc., Box 500, Beaverton, OR 
97077. Phone (503) 644-0161. 

Circle No. 205 






PROM ERASERS. The S-52T UV lamp, 
featuring a timer assembly and holding 
tray, erases up to 16 chips in about 7 min. 
Similarly, the UVS-54T (that also includes 
timer assembly and holding tray) erases 
up to 8 chips in about 14 min. Both are 
housed in rugged, lightweight CYCOL- 
AC®, and come in 115 or 220V versions. 
$209 and $99, respectively. Ultra-Violet 
Products, Inc., 5100 Walnut Grove Ave., 
San Gabriel, CA 91778. Phone (213) 
285-3123. Circle No. 206 


COUNTER PLUG-IN. When operated 
with the 8-digit 5300B mainframe, Model 
5305B provides sensitivity of 20 mV from 








50 Hz to 1300 MHz. A high-resolution 
mode (for tone measurements to 10 kHz) 
improves resolution by 1000. Both 500 
and 1-MQ. inputs have AGC, and a 
manual attenuation control is provided 
for the high-frequency channel. An 
integral power-output jack allows use of 
the 10855A preamp to boost sensitivity 
by 10x (22dB). 5305B, $900; 5300B 
mainframe, $460; 10855A preamp, $225. 
Hewlett-Packard Co., 1501 Page Mill Rd., 
Palo Alto, CA 94304. Phone (415) 
493-1501. Circle No. 207 


LIMITED-DISTANCE MODEM. The 
LDM-7296 Data Set transmits and 
receives nonsynchronous serial data at 
rates from 0 to 9600 bps, and 
synchronous data at 1800, 2400, 3600, 
4800, 7200 or 9600 bps. It operates 
simplex or half duplex on a single pair, 
or full duplex on 2 pairs. A single pc card 
contains all circuitry. Syntech Corp., 
11810 Parklawn Dr., Rockville, MD 20852. 
Phone (301) 770-0550. Circle No. 208 


SCANNER. Used in Keithley’s System 1, 
the 703 can be remotely controlled to 
select 1 or more of 100 channels on a 
single mainframe. Multiple active chan- 
nels can be selected simultaneously. A 
3-digit readout displays the most 
recently switched channel, and also 
provides “error” indicators for improper 
card insertion and too many activated 
channels. A rate control varies delay 
from 5 msec to 5 sec to compensate for 
settling time in the measurement. $1995. 
Keithley Instruments, Inc., 28775 Aurora 
Rd., Cleveland, OH 44139. Phone (216) 
248-0400. Circle No. 209 


FAN-COOLED SWITCHERS. Both the 
JF5N120 (5V/120A) and the JF5N150 
(5V/150A) are housed in a5X8x10-1/2-in. 
case and weigh <20 Ib. Their replaceable 
fan permits full output at 50°C, derating 
linearly to 70% at 71°C. Designed to — 
meet UL478, the supplies operate from 
90-132/180-264V, 47-63 Hz. Both are 
spec’d at 0.1% regulation and 10-mV rms 
ripple, and have inherent overvoltage, 
thermal and reverse-voltage protection. 
$620 and $695, respectively. ACDC 
Electronics, 401 Jones Rd., Oceanside, 
CA 92054. Phone (714) 757-1880. 

Circle No. 210 
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uP DEVELOPMENT SYSTEM. Said to be 
the first ‘“‘“obsolete proof’ wPDS, the 
TWIN (TestWare Instrument) employs a 
Signetics 2650 wP as the operational 
functions-controlling ‘“master,’’ but ac- 
cepts any other uP as the development 
“slave.” A system typically consists of a 
development computer with a dual 
PROM programmer, a _ dual-drive 
floppy-disc unit and an operator 
console. Software alone adapts the 
system to the uP under investigation. 
<$10,000. Signetics, 811 E. Arques Ave., 
Sunnyvale, CA 94086. Phone (408) 
739-7700. Circle No. 225 





completely assembled and tested RCA 
1802-based wC system available, the 
UC1800 comes with keyboard, 4-digit 
hexadecimal display, power supply and 
case. Other bonuses include: debug 
software; front-panel interrupt, DMA 
and 1/O flag control; 256 bytes of RAM 


(expandable to 65.5k); memory-save 


circuitry; and parallel and serial 1/O 
data-line capability. Full unit assembled, 
$395; kit, $249.95; CPU board alone, 
$179. Infinite Inc., Box 906, 151 Center 
St., Cape Canaveral, FL 32920. Phone 
(305) 783-9600. 


Circle No. 226 





uP SYSTEM. The Gemini-68, a 6800- 
based stand-alone microprocessing sys- 
tem, consists of a processor board 
($245), an 8k RAM board ($245) and an 8k 
EPROM board ($59.95). The processor 
board contains a serial |/O socket which 
uses both RS-232 and 20-mA current 
loop, and comes with 384 bytes of 
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on-board 6810-1 static RAM, of which 256 
bytes are available to the user. All boards 
fit standagd 4-1/2-in. wide card racks. M 
& R Enterprises, Box 61011, Sunnyvale, 
CA 94088. Phone (408) 738-3772. 

Circle No. 227 


MODEM SWITCHER. The Modem Sub- 
stitution Switch allows remote substitu- 
tion of a spare modem for any one of up 
to 64 on-line modems—at the touch of a 
button. After repair, the original one can 
instantly go back on-line. Each control 
panel handles up to 8 switchers; and 
each switcher handles 8 on-line modems 
plus a spare, allowing expansion to 64 
modems and 8 spares. Dynatech 
Laboratories, Inc., 900 Slaters Lane, 
Alexandria, VA 22314. Phone (703) 
548-3889. Circle No. 228 


$oxrax 





CASSETTE ADAPTER. Model TCC3 allows 
any serial TTL or MOS output to interface 
a low-cost audio-cassette player, via FSK 
(byte standard up to 300 baud), to botha 
standard RS232 CRT and a 20-mA 
current-loop TTY. The adapter simulta- 
neously decodes byte-standard FSK data 
from the audio-cassette players and from 
20-mA current loop TTY and RS232 CRT. 
$129. Electronic Product Associates, Inc., 
1157 Vega St., San Diego, CA 92110. 
Phone (714) 276-8911. 


uC LEARNING MODULES. These 3 
pre-assembled add-on modules com- 





Circle No. 229. 





plete the Tl Microprogrammer Learning 
Module user-paced development system 
introduced last January. Specifically, the 
LCM-1002 controller ($189.95) provides 
single-step manual or automatic clock, 
macroinstruction-load, pc-load and 
data-register clear functions; the LCM- 
1003 memory ($189.95), 1024x12 bits of 
static RAM; and the LCM-1004 I/O 


($109.95), four 4-bit I/O ports. Texas 

Instruments Inc., Box 5012, M/S 308, 

Dallas, TX 75222. Phone (214) 238-2481. 
Circle No. 230 





MINICOMPUTER. The NOVA 3/D, a 
systems-oriented machine, offers 32k- 
word MOS memory (128k word max.), a 
memory-management and protection 
unit, ease of configurability and high- 
level software features. Capable of 
interfacing with a wide range of 
peripherals, the computer has 12 
subassembly slots in a 10.5-in. chassis 
with an additional 12-slot expansion 
chassis available. $14,400 and up. Data 
General Corp., Southboro, MA 01772. 
Phone (617) 485-9100. Circle No. 231 





PROGRAMMING SYSTEM. This hard- 


ware/software package allows users of 
the Intel Intellec® 8/Mod 80 development 
system to program high-density Model 
2704/2708 erasable PROM’s. The Model 
2730 system installs in <30 min. Included 
are all software, documentation, 2 
boards with ribbon connector, and 
programming tape required to prepare 
interface PROM’s. No wiring changes are 
needed. $365. Texas Microsystems, Inc., 
3320 Bering Dr., Houston, TX 77057. 
Phone (713) 789-9820. Circle No. 232 
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“DUMB” TERMINAL. The ADM-3 is said 
to be the first full-sized, video-display 
terminal kit for the computer hobbyist. 
Its full 24-line, 12-in. screen can display 
1920 characters at 80/line. The standard 
set is 64 ASCII characters generated ina 
5x7 dot matrix displayed as upper case, 
plus punctuation and control. An 
auxiliary extension RS-232C port for a 
serial asynchronous ASCII printer is 
available for hard copy. $875. Lear 
Siegler Inc., 714 N. Brookhurst St., 
Anaheim, CA 92803. Phone (714) 774- 
1010. Circle No. 233 


COMPUTER TRAINING SYSTEM. The 
Com-Tran Ten performs all the functions 


desk for classroom use. Designed to 
motivate students with ‘‘hands-on” 
learning, this system—which features a 
variable clock—teaches such concepts as 
timing, control, memory organization 
and arithmetic techniques. A_ large, 


top-mounted, readout panel continually 
displays the contents of all registers. 
$7500. Delivery, 90 days ARO. Digiac 
Corp., 175 Engineers Rd., Smithtown, NY 
11787. Phone (516) 273-8600. 

Circle No. 234 





PRINT-ONLY TERMINAL, Model 1201, 
offers interchangeable, dual-font char- 
acter sets (uc and Ic), quiet thermal 
printing, small (14x12.5x4.5 in.) physical 
size and light weight (13 lbs.). Features 
include 30 characters/sec max. print 
speed and a full ASCII character set. 
Available options are: RS-232C, 2-or 





4-wire 20-mA current loop or TIL 
interface; 110-, 150-, 300-, or 1200-baud 
transmission and more. $1385, parallel; 
$1505, serial. Computer Devices, Inc., 
Box 421, Burlington, MA 01803. Phone 
(617) 273-1550. 


Circle No. 235 





uC POWER SUPPLIES. Designated the 
SBC 630 ($270) and SBC 635 ($460), these 
supplies convert 115 or 230V ac into 
regulated +12 and +5V dc outputs with 
system-protective features. Individually, 
the SBC 630 can power a fully loaded 
SBC 80/10 single-board computer and 
has a +26.5V dc output to drive relays 
and displays; while the SBC 635, a 
high-current supply, can drive an SBC 
board as well as 3 memory and 
|/O-board combinations. Intel Corp., 
3065 Bowers Ave., Santa Clara, CA 95051. 
Phone (408) 246-7501. Circle No. 236 


of large-scale computers, yet fits on a 





LOW NOISE 
«ze? MODULAR 
ce DESICN 
Switching Power 


Supplies! , ... 


line of compact, modular- 
design switchers that simplify 
design for 300-600 watt appli- 
cations and sell for less than 
eee 90¢ per watt! End users bene- 

fit from low EMI noise levels 
and highly reliable operation 
plus easy add-on and main- 
tenance features. Get every- 
thing you need to know to 
evaluate this high quality, 







Reco 


built for reliability DY | 
CONTROL DA \\ 


Reef money-saving line from: 





Magnetic Components Group 


GE 5) CONTROL DATA 
CORPORATION 


7801 Computer Avenue South, Minneapolis, MN 55435 
(612) 830-5800 TWX 910 576 2978 


For more information, Circle No. 70 
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MULTIPOWER™ 
for your MPU 


Trio Labs Model 674/675 Multi-Output Switching Regulator 
Power Supplies will provide all your MPU power needs in only 
box for less cost than you could do it yourself! 


14%”"Lx 
5-H x 8” W 


Up to 4 outputs—475 watts. A main 2 or 5 VDC @ 50 or 70 amps 
for your logic. A second rail @ up to 10 amps to power your 
memory. And two outputs @ up to 4 amps for your accessories. 


Internal Cooling—Overvoltage, Overtemperature and Overload 
Protection—Remote Sense—Independent V adj.—U.L. rec.—are 
just some of the features of Trios Model 674-675. 


And would you believe a single unit price as low as $635? 
Winners deserve each other. — Call or write: 


THE’ 80 Dupont St 
Switcher Plainview NY 
Source (516) 681-0400 








LIGHT PEN. Model LP-400 contains all 
circuitry in its body, yet provides 
sensitivity of 2 fl with response time 
under 300 nsec and TTL compatibility. 
Touch-activated switching, optional at 
no extra cost, gives bounceless finger-tip 
control and lifetime corrosion and wear 
immunity. A finder light beam insures 
accurate focusing of the photodetector 
on a 0.130-in. acceptance circle. $995. 
Information Control Corp., 9610 Bel- 
lanca Ave., Los Angeles, CA 90045. 
Phone (213) 641-8520. Circle No. 237 





FFT PROCESSOR. Model MFFT-11, a Fast 
Fourier Transform Processor intended 
for use with the PDP-11, is a matched 
combination of a hardware-array proces- 
sor and signal-analysis software that 
increases speed in its host minicomputer 
when performing signal analysis. $6,900. 
Elsytec, 6150 Canoga Ave., Woodland 
Hills, CA 91364. Phone (213) 884-5200. 
Circle No. 238 


EXTERNAL w»PDS INTERFACE. The 
Mé8USE User System Evaluator board 
replaces the wP module in a Motorola 
EXORciser™ and allows externally con- 
structed M6800 systems to be connected 
directly to the EXORciser development 
system. Thus, all EXbug diagnostic and 
control features, as well as the system 
analyzer, can be utilized for system 
evaluation. A single 40-wire line with 
connector plugs directly into the 
external wP’s DIP socket. $995. Motorola 
Semiconductor Products, Inc., Box 
20294, Phoenix, AZ 85036. Phone (602) 
244-6900. Circle No. 239 








PROM COPIER. Model 5200 duplicates 
PROMS in 4 steps, from instant testing of 
the new PROM to functional testing of 
the programmed PROM, with pass/fail 
indications for each step. Safety features 
include a current-limiting +Vcc supply 
(in case one inadvertantly plugs the 
PROM in backwards) and short-circuit 
protected drive lines. The unit accepts 
Intersil 5600, 03, 04, 05, 10, 23, 24, 25 and 
35 PROM’s. $1095. Project Support 
Engineering, 750 N. Mary Ave., Sunny- 
vale, CA 94086. Phone (408) 739-8550. 
Circle No. 240 


CALCULATOR. A hand-held program- 
mable calculator, the PRO-101, has 
computer capacity for solving complex 
problems. The 256 program steps can be 
divided for a max. of 15 programs at one 
time, and subroutines can be formed in 
the execution of the main program and 
freely used any number of times. If 
power is turned off, program storage 
lasts up to 12 mo. Functions include 
square root, nth power, and percent. 
$199.50 Casio, Inc., 15 Gardner Rd., 
Fairfield, NJ 07006. Phone (201) 575-7400. 

Circle No. 241 


You May not 
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designed 
by Grayhill 
as the 
worlds 


smallest 
rotary switch 


10 positions, 1 or 2 poles 
diameter less than .300” 


M@ Non-shorting...wiping contacts 
... fated to make or break 15,000 
cycles minimum at logic loads. 


@ New available with integral knob 
...aS well as screwdriver or 
shaft operated. 


@ For communications circuits, 
electronic stopwatches, and 
other low voltage applications 
where size is critical 


As the pioneer in switch 
microminiaturization, we present 
our Series 75, designed as the 
smallest the state of the art permits. 
If you think that small switch 
means big price...guess again. 
Here's a lot of switch in a tiny 
package at a cost that’s 
surprisingly low. Write for Bulletin 
#237 describing these miniature 
switches ...and consult EEM for 
more information on Grayhill 
products. 


Grayhill : 


561 Hillgrove Avenue ¢ LaGrange, Illinois 60525 
(312) 354-1040: 








For more information, Circle No. 73 
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uC SYSTEM. Designed around the 
MC6800 wP and constructed somewhat 
like a ““CAMAC CRATE,”’ the Omnibyte 
System consists of a family of functional 
circuit cards that plug into a_ bus- 
oriented back-plane motherboard. 
Available boards include: CPU ($295), 
crate controller ($130), 4k ROM/2k RAM 
($275), PIA ($260), “Kluge” card (blank 
except for motherboard interface, $80) 
and ACIA ($240). The crate itself 
(Omnibin) costs $225 with power 
supplies extra. Omnibyte Corp., 900 
Jorie Blvd., Oak Brook, IL 60521. Phone 
(312) 986-1401. Circle No. 242 





FLOPPY-DISC SYSTEM. Model FF36-1 
carries a $1495 price tag, yet includes 


daisy-chainable disc drive, IBM- 
compatible controller and all cables and 
connectors. A Model 360-56 Intel 
SBC80/10-compatible interface card, 
containing a software driver, macroas- 
sembler and text editor, also comes 
standard. Software provided includes 
named variable-length files, auto file 
create, open and close, multiple merge 
and delete, auto-disc packing and more. 
iCOM Inc., 6741 Variel Ave., Canoga 
Park, CA 91303. Phone (213) 348-1391. 
Circle No. 243 


CONTROLLER. Said to be the most 
powerful programmable controller avail- 
able, the 1084PC handles up to 10,240 
discrete inputs and outputs, and can 
support up to 80 serial ASCII peripherals. 
Memory capacity can expand from 2k to 








60k in 16-bit equivalent words. The 
parallel-processing, multiprocessor-type 
controller is programmed with relay 
ladder logic. Modicon Corp., Box 83, 
Shawsheen Village Sta., Andover, MA 
01810. Phone (617) 475-4700. 

Circle No. 244 








DATA TERMINAL. Controlled by an 8080 
uP, the T-3000 prints at speeds to 45 cps, 
has program-controlled, high-speed 
tabbing and backward printing, and 
utilizes a Diablo HyType II graphic-print 
mechanism. A key feature is the 
terminal’s ability to self-diagnose inter- 
nal problems. If an error occurs during 
operation, an error message indicates 
whether the problem is internal or 
external. $2875. Multiterm Corp., 2612 
Artesia Blvd., Redondo Beach, CA 90278. 
Phone (213) 376-6975. Circle No. 245 





JUNCTION UNIT. A connection unit, the 
3R permits combining 3 devices such as 
TTY’s, modems, printing terminals, 
video displays and computers into a 
common system. The 3R units them- 
selves can connect together, thus 
expanding indefinitely the number of 
devices to be combined. Operation is in 
either the RS-232 or 20-mA current-loop 
mode. Six more switches establish any 
combination of the 63 connections. 
Included is a 3.5-lb power supply. $350. 
Digital Labs., 600 Pleasant St., Water- 
town, MA 02172. Phone (617) 924-1680. 
Circle No. 246 
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wC PLUG-IN. The Floating Point Unit 
(FPU) improves Intel MDS 800 and SBC 
80/10 performance by adding engineer- 
ing and scientific calculations as callable 
subroutines. The board extends the 8080 
instruction set to include binary to 
floating-point decimal conversion, all 
trig functions, logs and powers, the 4 
functions (12-digit), coordinate transfor- 
mation, mean and standard deviation 
and more. $995. Cybernetic Micro 
Systems, 2460 Embarcadero Way, Palo 
Alto, CA 94303. Phone (415) 321-0410. 

Circle No. 247 





CRT TERMINAL. The 8030 display 
terminal—an 8080-based, firmware- 
programmed unit—accepts 9600-baud 
communication speed. Users can pro- 
gram communications functions from 
the terminal’s keyboard, while a 2-pg. 
refresh memory (3840 characters) per- 
mits scrolling through both pages of 
data. The 15-in. CRT displays up to 1920 
characters in a 7X9 dot matrix. This unit 
is RS232 and ASR/KSR TTY compatible. 
$2750; delivery, 60 days ARO. OMRON 
Corp. of America, 432 Toyama Dr., 
Sunnyvale, CA 94086. Phone (408) 
734-8400. Circle No. 248 


SOFTWARE. DAPL, a general-purpose 
microprogramming language, supports 
the AMD 2900 and Fairchild 9400 4-bit 
slice processors (soon available for 
Motorola 10800 and MMI 6700), allowing 
selection of any of 4 levels to provide 
symbolic program representation. A 
complete variable cross-reference listing 
(with extensive error detection) and 
debugging aids are available. Users can 
choose between hex or binary-object file 
formats. Remote Computing Corp., 1 
Wilshire Bldg., Suite 1400, Los Angeles, 
CA 90017. Phone (213) 629-2532. 

Circle No. 249 





Send me complete 
data on the 
product(s) checked! 


FUNCTION 
GENERATORS 


9 Models from .0001 Hz to 5 MHz. 
3-15 functions/Model. 1000:1 tuning 
and internal or external sweep, some 
with trigger and gate. Manual and 
Programmable Models. Portable, 
bench, or rack mounting. 

Prices from $245. 


Circle No. 74 on Reader Service Card. 


RC OSCILLATORS 


10 Models from .001 Hz to 10 
MHz, featuring ultra low 
distortion, stable 

amplitude, flat response. 
Some programmable. 
Push-button, dial or rotary 
decade frequency tuning. 
Bench or rack mounting. 
Prices from $495. 


Circle No. 75 on Reader Service Card. 


VARIABLE 


FILTERS 


18 Standard Models from DC to 

10 MHz. High pass, low pass, band 
pass and band reject. Attenuation 
slopes 6 db to 96 db/octave. 
Portable, bench or rack models. 
Prices from $495. 


= 
Circle No. 76 on Reader Service Card. 


DIGITAL 
PHASEMETERS 


2 Models. 10 Hz to 5 MHz, 0-360° j 

continuous display. 5digit model: jj | wisps trate aap 
.05° accuracy, .01° resolution. 2 
4 digit Model: 0.1° accuracy, 7 4 5 
0.1° resolution. 0.1 — 120 Sse neal 
VRMS input. L. 

Prices from $1400. es 


Circle No. 77 on Reader Service Card. 


L7 tI KROHN-HITE 


CoRrP ORATION 


Avon Industrial Park, Avon, MA 02322 e (617) 580-1660 


SALES OFFICES: ALA., Huntsville (205) 534-9771; ARIZ., Scottsdale (602) 957-9110; 
CAL., San Jose (408) 292-3220, LL ge (213) 674-6850; COL., Denver (303) 773-1218; 
CONN., Glastonbury (203) 633-0777; FLA., Orlando (305) 894-4401; GEO., Atlanta (404) 
448-2365; HAWAII, Honolulu (808) 941-1574; ILL., Des Plaines (312) 298-3600; IND., 
Indianapolis (317) 244-2456; MD., Baltimore (301) 321-1411; MASS., Lexington (617) 
861-8620: MINN., Minneapolis (612) 884-4336; MO., Kansas City (816) 454-5836; 
St. Louis (314) 423-1234; N.C., Burlington (919) 227-3639; N.J., Cherry Hill (609) 
482-0059: N.M., Albuquerque (505) 255-2330: W.Y., E. Syracuse (315) 437-6666, 
Rochester (716) 328-2230, Vestal (607) 785-9947, Elmont (516) 488-2100; OHIO, 
Chesterland (216) 729-2222, Dayton (513) 434-8993; OKLA., Tulsa (918) 299-2636; 
ORE., Portland (503) 297-2248; TEX., Addison (214) 661-0400, Houston (910) 881-5532; 
VA., Falls Church (703) 573-8787; WASH., Bellevue (206) 454-3400; CANADA, Montreal, 
uebec (514) 341-7630; Ottawa, Ontario (613) 235-5121; Toronto, Ontario (416) 
45-9900; Vancouver, British Columbia rete 253-5555; Halifax, Nova Scotia (902) 
454-8321; St. John’s, Newfoundland (709) 726-2422. 
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MICROCONTROLLER. Intended for 
dedicated computing and control appli- 
cations, the WD/40 stand-alone 40-pin 
DIP device requires few or no support 
circuits, since it contains an onboard 
register file, mask programmable ROM 
and PLA. This TTL-compatible unit 
requires only a single supply, and the IC 
also comes in a 64-pin DIP for 
development before committing to a 
mask program. The device addresses 64 
signals for inputs. Western Digital Corp., 
3128 Red Hill Ave., Box 2180, Newport 
Beach,CA 92663. Phone (714) 557-3550. 
Circle No. 250 


16-BIT uP. The TMS 9980, a lower 
performance version of the 16-bit 9900, 
is housed in a 40-pin DIP and executes 
the full 9900 instruction set (including 
hardware multiply and divide). It 
features an 8-bit data bus and a 16-bit 
address bus, making it compatible with 
byte-oriented memories. The 9980's 
9900-type |/O system allows the user to 
perform DMA, memory-mapped 1|/O,or 
the serial I/O port. Both oscillator and 
clock generator are contained on-chip. 
Texas Instruments Inc., Box 5012, Dallas, 
TX 75222. Phone (214) 238-2481. 

Circle No. 251 





er 
operates on a single 5V supply and 
provides 0-3V analog output voltage. The 
converter, claimed to be compatible 
with any 8-bit uP, features +100 ppm 
max. error, 100 ppm/°C max. scale-factor 
drift, 30 ppm/°C max. linearity tempera- 
ture drift and —55 to 100°C operating 
temperature range. Max. settling time to 
1/2 LSB is 30 nsec. A 16-pin DIP houses 
the unit. Optical Electronics Inc., Box 
11140, Tucson, AZ 85734. Phone (602) 
624-8358. 

Circle No. 252 
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PHASE COMPARATOR. Designed for 
PLL circuits, the 16-pin MC14568B 
contains a phase comparator, a program- 
mable reference divider and a preset- 
table 4-bit counter. In frequency- 
synthesizer circuits, the 4-bit counter 
can be used in the feedback loop by 
itself, or cascaded with other binary or 
BCD counters. Two temperature ranges 
are available: —55 to + 125°C and — 40 to 
+|85°C. 14568BCP, $2.61; 14568BAL, $3.90 
(100). Motorola Semiconductor Products 
Inc., 3501 Ed Bluestein Blvd., Austin, TX 
78721. Phone (512) 928-2600. 

Circle No. 253 





FET CHIPS. The GaAs AFT2000 eliminates 
short-term drift and fits low-noise 
applications up to 15 GHz. Max. available 
gain at 10 GHz is 10-12 dB, while the typ. 
noise figure at 10 GHz is 3.5 dB. Since the 
AFT2000 is similar in physical configura- 
tion and S-parameter characteristics to 
related competitive devices, little or no 
circuit redesign is required. $95 (10). 
Aertech Industries, 825 Stewart. Dr., 
Sunnyvale, CA 94086. Phone (408) 
732-0880. Circle No. 254 


TV GAME CHIP. Six switch-selectable 
games are provided by the AY-3-8500 
video-game IC: tennis, hockey/soccer, 
squash, pelota, rifle shooting and a rifle 
game (using a photocell rifle). Key 
features include: automatic screen 
scoring and display; selectable bat sizes, 
angles and ball speeds; and several 
“realism sounds.”” V.. equals 6-9.5V 
(depending on model); supply current, 
30 mA. $6 in qty. General Instrument, 600 
W. John St., Hicksville, NY 11802. Phone 
(516) 733-3107. Circle No. 255 


TRIACS. The 2N5806/07/08/09 triacs 
switch from OFF-state to ON-state for 
either polarity of applied voltage with 
positive or negative gate-triggering 
voltages. These devices, housed in stud 





packages, are intended for 400-Hz 
operation with line voltages of 115 and 
208V rms. ON-state rms current rating is 
25A; repetitive OFF-state voltage ratings, 
200, 400, 500 and 600V, respectively. 
2N5807, $7.74 (100). RCA/Solid State 
Div., Rte. 202, Somerville, NJ 08876. 
Phone (201) 685-6423. Circle No. 256 


OP AMP. The dual, low-noise XR-4739 is 
intended for preamplifier use in con- 
sumer and industrial signal-processing 
equipment. It comes in a molded plastic 
14-pin DIP and operates over the 
commercial temperature range (0 to 75° 
C). The amplifier provides: 76-dB S/N 
ratio, 125-dB channel separation, 3-MHz 
unity-gain bandwidth, output short- 
circuit protection and 0.1% distortion at 
8.5V rms output into a 2 k© load. Exar 
Integrated Systems, Inc., 750 Palomar 
Ave., Sunnyvale, CA 94086. Phone (408) 
733-7700. Circle No. 257 


OP AMPS. Single-supply (3-30V) dual op 
amp LM158 features large gain- 
bandwidth, low power and excellent 
input parameters. The SE532, a dual amp, 
has single- or dual-supply operation 
(3-30V), wide common-mode voltages, 
temperature-compensated bias current 
and unity gain-crossover frequency. 
Both are housed in 8-pin TO-99 packages 
with industry-standard MC1558 pin out. 
LM158T/883B, $5.53; SE532T/883B, $5.60. 
Signetics, 811 E. Arques Ave., Sunnyvale, 
CA 94086. Phone (408) 739-7700. 

Circle No. 258 





LED’S. Model 2SBL, intended to replace 
incandescent lamps, comes in 3 colors: 
red, amber and green. At 20 mA (typ.), 
brightness is 50, 32 and 20 mcd, 
respectively. Diffused versions are also 
available. All types can be supplied with 
built-in resistors for voltages through 
48V. Also, for ac operation over 6V, a 
built-in rectifier is available. Optimum 
current should be limited to 20 mA for 
max. life. BX28H (28V, 18 mA), $1.59 
(100). Data Display Products, Box 91072, 
Los Angeles, CA 90009. Phone (213) 
641-1232. Circle No. 259 
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VOLTAGE DETECTORS. The ICL8211/12 
are settable detectors that measure 
between 2 and 30V. 8211 (8212) output 
goes ON (OFF) when voltage falls below 
(rises above) the programmed level. 
Both devices maintain constant supply 
currents, 20 pA (typ.), and during the 
ON state, the 8211 output current-limits 
to 7 mA to directly drive LED’s. These 
units are available in an 8-pin mini-DIP 
or TO-99 package. $1.50 (100). Intersil, 
Inc., 10900 N. Tantau Ave., Cupertino, 
CA 95014. Phone (408) 996-5000. 

Circle No. 260 





TELEL LLL 


LINE DRIVER. The 55/75112 dual high- 
current line driver (alternate sourced by 
Fairchild) features output currents of 
18-30 mA and has no line-transient 
effects during power up or power down 
when inhibited. The 55112 is available in 
a 14-pin ceramic DIP or flatpack in 
military temperature ranges. The com- 
mercial version, 75112, comes in 14-pin 
ceramic or plastic DIP’s. Plasitic, $1.88; 
ceramic, $2.26 (100). Fairchild Camera 
and Instrument Corp., 464 Ellis St., Mt. 
View, CA 94042. Phone (415) 962-3816. 
Circle No. 261 


PULSE CONVERTERS. Models MC14408 
and 14409 convert a 4-bit binary input 
code to a number of serial output pulses 
corresponding to the value of the input 
code. These IC’s can be used in 
telephone pulse-dialing applications 
when combined with the MC14419. The 
devices are partitioned to allow addition 
of RAM. Both circuits operate over 3-6V 
and are available in ceramic or plastic 
16-pin DIP’s. Plastic, $6.98; ceramic, 
$9.08 (100). Motorola Semiconductor 
Products Inc., 3501 Ed Bluestein Blvd., 
Austin, TX 78721. Phone (512) 928-2600. 

Circle No. 262 
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Single Unit Price 


@ Zero and Full Scale Front 
Panel Adjustments 


® 3 '/? Digit, .4” Led 


@ Accuracy to - 0.05% 


@ 5 vdc Power Input Standard 
.... 12 vde or 115 - 230 vac 
50 - 60 hz Optional 


@® DIN Standard Case Dimen- 


For complete information, call 





POWER UNIT. The BM100-28, an RF 
power device for broadband, Class AB 
high-power VHF applications, provides 
100W of output power from a 28V 
supply, and operates over a 70-220 MHz 
range. This unit is guaranteed to 
withstand infinite VSWR at all phase 
angles when operated at full rated CW 
power and supply voltage. Its wide 
bandwidth capability results from low-Q 
input matching. The device is housed in 
a flange package. $62.40 (100). Commu- 
nications Transistor Corp., 301 Industrial 
Way, San Carlos, CA 94070. Phone (415) 
592-9390. Circle No. 263. 


MOSFET’S. Designed for VHF TV and 
communications receiver applications, 
the 3N201/02/03 Series of dual-gate 
MOSFET’s features 0.03-pF (max.) re- 
verse transfer capacitance and diode 
protection on the gates. The 3N201/02 
are, respectively, for VHF amplifier and 
mixer operation; the 3N203 for IF amp. 
At 200 MHz the min. common-source 
power gain is 15, 15 and 20 dB. All are 
housed in metal, TO-72 packages. 3N201 
and 3N202, 65¢; 3N203, 55¢ (100). 
Motorola Semiconductor Products Inc., 
Box 20912, Phoenix, AZ 85036. Phone 
(602) 244-3465. Circle No. 264 


NOW ... . FROM IMC 
THE *49.00 DPM ! 


THE IMC SERIES 500... . The only 
DPM designed to sell for less 
than *50.00 is here. Built to the 
same high standards as the IMC Ser- 
ies 300 DPM, the new series 500 
offers the user the advantages of a di- 
gital meter at a price competitive with 
analog meters. 








THICK FILM NETworks 


And Micro Circuits 
EPITEK ELECTRONICS 


428 State St. 
Ogdensburg, N.Y. 13669 


Tel 613-592-2240 Telex 053-3544 
For more information, Circle No. 78 


INTERNATIONAL MICROTRONICS CORPORATION 


4016 E. TENNESSEE STREET / TUCSON, ARIZONA 85714 (602) 748-7900 TWX 910-952-1170 





For more information, Circle No. 79 
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MODULES/SUBASSEMBLIES 








HIGH-POWER OP AMP. Available in a 
hermetic 8-pin TO-3 package rated at > 
20W, Models 833-21 and —21C deliver 
over 1A output. Features include 15-kHz 
full-power bandwidth, 100-mW quies- 
cent power (at +15V), 1-mV input offset 
voltage, 20-nA input offset current, 
3V/psec slew rate and 100-dB open-loop 
gain. High-input and low-output imped- 
ances lend themselves well to power 
applications. 833-21 (—55 to +125°C), 
$39.10; 833-22 (—25 to +85°C), $19.50. 
Beckman Instruments, Inc., Helipot 
Div., 2500 Harbor Blvd., Fullerton, CA 
92634. Phone (714) 871-4848. 

Circle No. 265 


LINEAR BANDPASS FILTER. Measuring 
only 1X2x1/2 in., the voltage-tuned 
Model VTF-1 covers from <10 Hz to 10 


0.1% of the tuned frequency. Externally 
adjustable to over 250, the Q-factor 
remains essentially constant—and out- 
put varies less than 1/2 dB (at 


Q=100)—throughout the full range. 
Control voltage ranges from 0-10V, and 
the filter furnishes simultaneous in- 
phase and quadrature outputs. $200. 
D-B-Developments, 7709 Kilbourne Rd., 
Rome, NY 13440. Phone (315) 339-1265. 
Circle No. 266 





F/V CONVERTERS. Accepting TTL, HNIL, 
CMOS, sine-wave, square-wave, pulse, 
and triangle-wave inputs, Model 451 (10 
kHz) and Model 453 (100 kHz) provide 
programmable input threshold, gain, 
and output offset voltage while supply- 
ing 20-mA output current. Three 





both the 451) and 453] feature 0.03% 
max. nonlinearity and 100 ppm/°C max. 
gain drift; the ‘’K’” versions, 0.015% and 
50 ppm/°C; and the ‘‘L” versions, 0.008% 
and 50 ppm/°C. Prices range from $39 to 
$55. Analog Devices, Inc., Box 280, 
Norwood, MA 02062. Phone (617) 
329-4700. Circle No. 267 





Haert $5 
bie os at a E 


COMPANDING AMP. Because it is linear 
for small plus and minus inputs and 
logarithmic for larger ones, the Model 
4356 operates with inputs of +10V and 
+10 mA from dc to greater than 20 kHz. 
Featuring +3-decade bipolar logging, 
40-dB instantaneous audio companding 
and programmable gain, this unit is well 
suited for AGC, signal compression and 
S/N improvement—and easily imple- 
ments the Sinh™ transfer function. $60. 
Teledyne Philbrick, Allied Dr. at Rte. 128, 
Dedham, MA 02026. Phone (617) 


kHz with linearity of 0.02% of F.S. plus 
















Actual Size 







Telenetics’ 7516-01 is a complete Touch-Tone Decoder in a % cubic 
inch, 32 pin DIP. Telephone Standard 2-of-8 tones are received, 
processed and decoded into discrete 1-of-16 or BCD (plus strobe) 
outputs. Input signal ranges —22 to +4 dBm with a balanced, 
capacitively coupled, 50 KQ impedance. Operating voltage range is 
8 to 28V dc (single supply); temperature range —30 to 70°C. 


Telenetics 7516-01 gives you one-tenth the size at one-third the cost 
of comparable Touch-Tone Receivers. Telenetics also offers these 
other devices: 


@ 7603 Touch-Tone Encoders 
@ 7511 Address Selector 

@ 7507 Acomplete line of Multiplexers and Analog Switches 
@ 7635 Touch-Tone Keyboards 














Write or call today for a catalog—and pricing information: 


S 
Telenetics, Inc., 4120 Birch Street, 
ene | Newport Beach, California 92660 
Phone: (714) 752-6363 
*R-Registered trademark of AT&T 


For more information, Circle No. 80 
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versions of each model are available: 


329-1600. Circle No. 268 


COST - CUTTING 
WESTON 
BREAKTHROUGH! 


46° MULTITURN 
CERMET TRIMMER 


FOR Qg° — 





850-W 





ONLY 


Same High Weston Quality 
At A Real Savings In Price! 








’ 850-P 


Weston has done it with the new #850! We took this 
widely used square multiturn trimmer, and by radically 
improving manufacturing techniques have been able to 
trim the price without sacrificing quality, performance 
or uniformity. It can give you an important new com- 
petitive edge. 
WRITE FOR SPECS AND DETAILED 
PRICE INFORMATION. 


i" feksh cola Oxo) aatelelal=iale- 
WESTON Archbald, Pa. 18403 
Tel. (717) 876-1500 


B's" D, @rod 00 Motel oryacley4 
Telex 83-7443 






Schlumberger 


For more information, Circle No. 81 
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FIBER-OPTIC DATA LINK uses _high- 
speed IR LED’s as transmitters and pin 


photodiodes as receivers. The MDL 
Series comprises a simple, flexible 
system with max. frequency range of 
dc-40 MHz. After mounting in 3-terminal 
TO-5 headers, these devices are sealed 
into specially designed SMA or BNC 
connectors for direct coupling to 
multifiber cables with minimum inser- 
tion loss. Acomplete system designation 
requires that users specify the T/R pair, 
cable type and length, and connector 
type. Meret Inc., 1815-24th St., Santa 
Monica, CA 90404. Phone (213) 828-7496. 

Circle No. 269 


AC LINESENSOR draws operating power 
from the line being monitored and 
switches output states if average line 
voltage rises above the high set point or 
drops below the low set point. Model 
829 comes with either a photo-coupled 
transistor output stage (829-T), or a 
mechanical-relay output (829-R) rated for 
1A at 26V dc or 0.5A at 115V ac. The unit 
responds in 100 msec (max.) to a change 
in average level and in 16 msec (max.) to 
a line drop-out from 115V ac (+10%). 
$49. Calex Mfg. Co., Inc., 3305 Vincent 
Rd., Pleasant Hill, CA 94523. Phone (415) 
932-3911. Circle No. 270 





A/D. Suitable for very fast PCM systems, 
Model ADC-SH4B performs a 4-bit 
successive approximation in 400 nsec 
while a self-contained S/H acquires data 





in 100 nsec; throughput, therefore, can 
be as fast as 2 MHz. The module contains 
a zener-diode reference for internal 


adjustment of accuracy and _ linearity 
(+2% max.). Accepting an analog input 
of 0 to +1V, the unit provides straight 
binary output coding, positive true. $79. 
Datel Systems, Inc., 1020 Turnpike St., 
Canton, MA 02021. Phone (617) 828-8000. 

Circle No. 271 





VOICE READOUT SYSTEM consists of 1 
circuit board (9x5 in.) with a vocabulary 
of 1 to 16 words stored in ROM. The 
Model 1700 reads these words out in any 
designated pattern to present a desired 
voice message with audio output at —6 
to 0 dBm. “Standard” words include the 
numbers zero through nine, plus, 
minus, times, divide and equal. Other 
(customer-specified) words can be 
programmed for a one-time charge. The 
unit draws 2-1/2W max. for 10 words. 
$500. Master Specialties Co., 1640 
Monrovia, Costa Mesa, CA 92627. Phone 
(714) 642-2427. Circle No. 272 











TEMPERATURE ALARM. Operating on 
line voltage (115V +10%, <3W), the 
Model 8410 early-warning alarm senses 
temperatures monitored by an external 
thermocouple. When the temperature 
approaches within 10% of the high or 
low setpoint, the output cycles with 
increasing frequency until the setpoint is 
reached, where the alarm provides 
continuous output. Programmable set- 
points must lie between —-100 and 
+1300°C, and output contacts on the 
spdt relay are rated at 120V ac, 1A. $55. 
Alnor Instrument Co., 7301 N. Caldwell 
Ave., Niles, IL 60648. Phone (312) 
647-7866. Circle No. 273 








5 DIGIT 
ACCURACY 


The Model 109 yields linearity 
better than +0.0025%. With gain 
and offset errors trimmed out, the 
absolute accuracy of the Model 
109 makes it compatible with 
resolutions of +16 bits binary or 
+54 digits BCD. 


SUPER 
STABLE 


Gain TC < +1 ppm/°C 
Offset TC < +0.2 ppm/°C 


ECONOMIC 
$99°° 


(100’s) 











*Requires external counter and clock. 


_ Aes intech 
we function modules 


282 Brokaw Rd., Santa Clara, CA 95050 
Tel. (408) 244-0500, TWX 910 338-0254 
For more information, Circle No. 82 
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INTERNATIONAL’S 


moe 
CRYSTAL 
OSCILLATOR 














ELEMENTS 


A Complete Controlled Signal Source 
from 6000 KHz to 60 MHz 


The MOE series is designed for direct 
plug-in to a standard dip socket. The 
miniature oscillator element is a com- 
plete source, crystal controlled, in an 
integrated circuit 14 pin dual-in-line 
package with a height of 1% inch. 


Oscillators are grouped by frequency and 
temperature stability thus giving the user 
a selection of the overall accuracy 
desired. Operating voltage 6 vdc. Output 
wave shape — non sine. 


MOE-5 
Crystal Range 
6000 KHz to 60 MHz 
OVERALL ACCURACY 
+.002% -10° to + 60°C 
25°C Tolerance 
Zero Trimmer 
$35.00 


MOE-10 
Crystal Range 
6000 KHz to 60 MHz 
Overall Accuracy 
+.0005% -10° to 60°C 
25°C Tolerance 
Zero Trimmer 
$50.00 


International Crystal Manufacturing Company, Inc. 
10 North Lee, Oklahoma City, Oklahoma 73102 


For more information, Circle No. 83 
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LITERATURE 





4k RAM RELIABILITY. This 16-pg. booklet 
discusses reliability factors of Tl’s TMS 
4030/50/60 Series RAM’s that have 
demonstrated significant improvement 
over equivalent core-based systems. The 
report also shows what reliability 
requirements are needed to meet system 
MTTF goals, and details environmental 
tests on both plastic and ceramic 
packaging. Texas Instruments, Inc., Box 
5012, M/S 308, Dallas, TX 75222. 

Circle No. 211 


RECTIFIERS. A 2-pg. data sheet describes 
a line of high-speed switching 2 and 3A 
silicon rectifiers intended for missile 
applications. Electrical and mechanical 
characteristics, absolute max. ratings 
and a mechanical drawing are included. 
All units meet MIL-S-19500. Microsemi- 
conductor Corp., 2830 S. Fairview St., 
Santa Ana, CA 92704. Circle No. 212 





OP AMPS AND POWER SUPPLIES. 
Often the customer and the manufactur- 


er interpret the same specification 
differently. To reduce such confusion, 3 





parameter and measurement guides 
detail manufacturer-suggested proce- 


dures for op amps (Bulletin AN-23, 8 
pg.), modular power supplies (AN-26, 3 
pg.), and log amps (AN-27, 3 pg.). 
Teledyne Philbrick, Allied Dr. at Rte. 128, 
Dedham, MA 02026. 
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PATTERN ANALYZER. Entitled ‘Using 
the 1620A for Serial Pattern Recogni- 
tion,’” AN 156-10 discusses in detail the 
capabilities of the HP 1620A, its 
operating format and its interfacing 
plans with both oscilloscopes and 
instruments to be tested. Special 
sections are devoted to pattern recogni- 
tion, how the analyzer reads a sample 
serial code, and case studies. Hewlett- 
Packard Co., 1501 Page Mill Rd., Palo 
Alto, CA 94304. Circle No. 214 





‘PULSE COUNTER. The 8-pg. app. note 


101, ‘The Automatic Microwave Pulse 
Counter—A New Approach to Frequen- 
cy Measurement in the Time Domain,” 
describes previous measurement tech- 
niques associated with pulsed RF and 
time-varying CW signals, and compares 
them with those obtained by using the 
Model 451. Sections cover applications, 
and discuss timing and accuracy consid- 
erations associated with automatic 
pulse-frequency measurement. EIP Inc., 
3230 Scott Blvd., Santa Clara, CA 95051. 
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MODAL ANALYSIS PROCESSOR. A 


6-pg. brochure covers ‘‘What is Modal 
Analysis?” “How is a Modal Analysis 
Conducted?” and “5 Simple Steps for 
Modal Analysis.” It also tells what 
equipment is needed, giving photos and 
drawings that illustrate the points 
discussed. Nicolet Scientific Corp., 245 
Livingston St., Northvale, NJ 07647. 
Circle No. 216 


OCR. The “OCR Application Sketch- 
book,” a 24-pg. publication, focuses on 
modern low-cost OCR page readers 
developed specifically for dedicated 
minicomputer systems. Though not 
highly technical, the booklet emphasizes 


those applications for which OCR is— 


profitably used. Technical alternatives to 
OCR are discussed as well as the 
economics involved. Context Corp., 4 
Ray Ave., Burlington, MA 01803. — 

Circle No. 217 


SCR’S. A series (250PAC and 300PAC) of 
“‘hockey-puk” SCR’s with surge-current 
ratings as high as 5000A is described in 
Data Sheet No. PD-3.044. Complete part 
numbers, voltage ratings, electrical and 
mechanical specifications are listed. In 
addition, 17 graphs portray electrical and 
thermal characteristics. International 
Rectifier, Semiconductor Div., 233 Kan- 
sas St., El Segundo, CA 90245. 

Circle No. 218 


METRICATION. The revised 11th edition 
of ‘‘Metric Units of Measure and Style 
Guide’’ presents basic rules for using 
metric units, prefixes, and their symbols. 
Metric practice in this 16-pg. guide is 
consistent with the International System 
of Units (SI), or modernized metric 
system as it is commonly called. $1 each, 


or 35¢ (100). U.S. Metric Association, 
Inc., Sugarloaf Star Rte., Boulder, CO 
INQUIRE DIRECT 


80302. 
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SMOKE MONITORING. “Everything you 
need to know about Smoke Opacity 
Monitoring Systems’ introduces the 
technology of opacity monitoring, dis- 
cusses its basic fundamentals and uses, 
and outlines the important factors in 
designing the system best suited to meet 
specific application requirements. The 
handbook’s 28 pgs. contain a wealth of 
practical application information. Dyna- 
tron, Inc., 57 State St., North Haven, CT 
06473. Circle No. 220 








SEMICONDUCTORS. This 2-color, 52- 
pg. catalog lists the type number, 
package and technical data for more 
than 5000 discrete devices in an 
easy-to-read format. Included are silicon 
and germanium transistors, silicon 
rectifiers, stud-mounted silicon power 
rectifiers, special assemblies and pack- 
ages, silicon and germanium diodes and 
thyristors. Semitronics Corp., 64 Com- 
mercial St., Freeport, NY 11520. 
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THINK] 


ABOU! 
YOUROWN 


COINPUIER? 


Join over 50,000 avid readers of BYTE, the maga- 
zine with rich, professionally edited articles on micro- 
















computers .. . for building, expanding and having downright 
fun with your own system. You'll reread super articles on. . . 


® detailed hardware/software designs by 
successful experimenters and hobbyists 


® editorials on the fun of computers . . . electronic 


music, video games, hobbyist control 
systems, ideas for ham radio, model 
railroading and lots more 


@ reviews of upcoming general purpose systems 
@ tutorial background and sources full of ideas for 
home computers and computer science 
e ads by firms with computer products you want 

e club information and social activities 


SUBSCRIBE TO BYTE NOW! IT’S FUN ... AND GLICHE-PROOF! 





Address 





Send this coupon for a trial subscription to BYTE. Get your 
first issue by return mail. Read it from cover-to-cover. If it 
isn’t everything you want, just write “CANCEL” on the bill 
and return it to us. The first copy is yours to keep. 


BRA WE eetersoroucn, nx 0345s 


Please enter my trial subscription to BYTE... 
1 $12 One Year 
| understand you will send the first issue by return mail and 
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O $22 Two Years OC $30 Three Years 


across the invoice and return it. | will not be charged. 
Name (Please Print) 








i 

| 

i | | 
| bill me later. If | don’t like BYTE, | just write “CANCEL” | 
| | 

| 

| 


State Zip 











_ : City 
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PROFESSIONAL 
DISCOUNT 
PRICES 
AVAILABLE ON 


LITERATURE 


Cahners Publishing Company, Inc. 


The Cahners Magazine Division 
publishes the following business 
magazines and directories: 


| 


Hl 


, PACKARD 


il 


HEWLETT 





Engineering Calculators 


PHONE TOLL FREE 
800-638-8906 


FOR THE CURRENT LOW DISCOUNT 
PRICE OF THE LATEST MODEL 


CALCULATOR OF YOUR CHOICE 


THE GUARANTEE 


10 day money back trial. If you are not com- 
pletely satisfied you may return the Hewlett- 
Packard calculator you order within 10 days for 
a cash refund or charge cancellation. In addi- 
tion Hewlett-Packard and Capital Calculator Co. 
Inc. warrant each calculator for a period of 
ai year against defective parts and workman- 
Ship. 


Capital Calculator Company 
he Maryland resiae 


Maryland residents phone: 
(301) 340-7200 


701 East Gude Drive 
Rockville, Maryland 20850 





For more information, Circle No. 85 


We have 
your best 


interest 
at heart. 








Give 
Heart 
Fund é 


American Heart Association 
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DEVIATION BRIDGES—why you need 
them, how they operate and where they 
are useful—plus full specifications on 2 
of the company’s products are the 
subjects of a full-color brochure. Both 
models discussed compare magnitude 
differences (R, C and L) and phase angle, 
and have lamps to show tolerance limits. 
B & K Instruments, Inc., 5111 W. 164th 
St., Cleveland, OH 44142. 

Circle No. 222 


MULTIFUNCTION VOLTSENSOR. Along 
with a detailed discussion of operating 
theory and a simplified circuit diagram of 
Model 545, this 8-pg. data sheet outlines 
available output modes and explains 
how, with 2 variable trip points, the 
input may fall into 3 categories: above 
both, below both, or between. A 
resistor-sorting application that demon- 
strates the use of this feature is 
described. Calex Mfg. Co., Inc., 3305 
Vincent Rd., Pleasant Hill, CA 94523. 
Circle No. 223 


PAPER-TAPE READERS. Basic features of 
a series of paper-tape readers that 
combine speeds up to 600 cps with 
gentle tape handling are enumerated ina 
4-pg. booklet. Coverage includes 3 
series of readers, each available in 
reader panel, reader fan-fold and 
reader/spooler models; plus an individ- 
ual reader-only unit. Summit Engineer- 
ing Corp., Box 938, Bozeman, MT 59715. 

Circle No. 224 


Appliance Manufacturer 
Brick & Clay Record 
Building Design 
& Construction 

Building Supply News 
Ceramic Industry 
Ceramic Data Book 
Construction Equipment 
Design News 
Design News Annuals 
EDN 

Electronic Business 
Electric Light & Power 


Foodservice Equipment 
Dealer 


Institutions / VFM 
Modern Materials Handling 
Modern Railroads 
Package Engineering 
Plastics World 


Professional Builder / 
_ Apartment Business 


Purchasing 


Service World 
International 


Specifying Engineer 
Traffic Management 
U.S. Industrial Directory 


The Cahners Book Division pub- 
lishes business, professional and 
technical books for the working 
professional in selected fields 
served by Cahners magazines. 
More than 500 titles currently are 
listed. 


The Cahners Exposition Group is 
the largest producer, operator and 
manager of trade and consumer 
shows in the United States... with 
26 shows, 2,000,000 square feet of 
exhibition space and total annual 
attendance of over two million. 


Cahners Publishing Company, Inc. 
221 Columbus Avenue 
Boston, MA 02116 
(617) 536-7780 
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EDN SALES OFFICES 


H. Victor Drumm 
Executive Vice President 
and Publisher 

Gerry Hoberman 
Marketing Manager 
Andrew P. Cahners 
Business Manager 
Boston, MA 02116 
(617)536-7780 


NEW YORK CITY 10017 

Bill Segallis, District Manager 
205 E. 42nd St. 

(212) 949-4423 


BOSTON 02116 

Richard Parker, District Manager 
Hal Short, District Manager 

221 Columbus Ave. 

(617) 536-7780 


PHILADELPHIA 19103 

Steve Farkas, District Manager 
999 Old Eagle School Rd. 
Wayne, PA 19087 

(215) 293-1212 


CHICAGO 60521 


Terry McDermott, Midwest Manager 


Clayton Ryder, District Manager 
15 Spinning Wheel Rd. 
Hinsdale, !L 60521 

(312)654-2390 


CLEVELAND 44115 

Clayton Ryder, District Manager 
1621 Euclid Ave. 

(216)696-1800 


DENVER 80206 

John Huff, Regional Manager 
270 St. Paul St. 

(303) 388-4511 


SAN FRANCISCO 95008 

Hugh R. Roome, Vice President, 
Northwest Manager 

Pruneyard Towers 

1901 So. Bascom St. 

Campbell, CA 95008 

(408) 377-6777 


LOS ANGELES 90036 

Ed Schrader, Regional Manager 
5670 Wilshire Blvd. 

(213) 933-9525 


TOKYO 106 JAPAN 

Mr. Chihiro Nagahama, 
Managing Director 

TRADE MEDIA—IBPA (Japan) 
R. 516, Roppongi Uni House 
4-3-11, Roppongi, Minato-ku 
(03) 585-9571 Telex: J28208 
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our number! 
For the BEST Prices 
in Power Transistors 


NPN-PNP Complementary pairs, Chips, Hybrids, Discretes, Darlingtons 
Fast Switching, High Voltage, High Soar. 


2N3507 
2N3741 
2N5003 
2N5004 
2N5008 
2N5009 


GENERAL USAGE POWER 


ceo(V) 


Ic(A) 


Pkg. 
TO-5 
TO-—66 
TO-59 
TO-59 
TO-61/1 
TO-61/1 


2N5663 
2N5664 
2N5665 
2N5666 
2N5667 
2N5671 


V ceotv) 


300 
200 
300 
200 
300 
120 


TO-5 
TO—66 
TO—-66 
TO-5 
TO-5 
TO-3 








2N5672 150 TO-3 
2N6249 225 TO-3 
2N6250 300 TO-3 
2N6251 375 FO=3 


[~@ io = ss TR oO Fu INCORPORATED 


7516 Central Industrial Dr. Riviera Beach, Fla. 33404 
Tel. 305/848-9606 TWX 510/952-7611 


2N5038 TO-3 
2N5039 TO-3 
2N5153 5 TO-—39 


For more information, Circle No. 86 


you're whistling in the dark. 


If you think that heart attack and stroke hit only the 
other fellow’s family. 


Help your Heart... Help your Heart Fund a? 


Mi.) 
American Heart Association 


Contributed by the Publisher 
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CERAMIC TRIMMER 
CAPACITORS 


These rotary ceramic disc trimmer capacitors are 
perfect for broadband applications from audio to 
500 MHz. They provide an ideal low cost means of 
“trimming” circuitry such as crystal oscillators, 
CATV amplifiers and all varieties of communication 
and test equipment. 


These capacitors are available in three adjustment 
configurations: top tuning, side tuning for “in rack” 
adjustment and bottom tuning for “thru the board” 
adjustment. Three mounting configurations allow 
drop in replacement for other types of units. 


Lohanson> 


MANUFACTURING CORPORATION 
Rockaway Valley Road 
Boonton, N.J. 07005 : 
(201) 334-2676 TWX 710-987-8367 


For more information, Circle No. 59 


STATIONS 


CTRONIC 


e RUGGED QUALITY 
e PLANNED FLEXIBILITY 


STURDILITE SYSTEMS combine the look of quality fur- 
niture with the ruggedness of industrial equipment... 
and provide true economy and efficiency, no matter how 
large or small your work area may be! 


Unique combinations of work surfaces, riser shelves, 
electrical outlets, and pedestal bases with innumerable 
drawer/door arrangements, provide the maximum in 
planned flexibility. 

STURDILITE engineers will gladly prepare detailed room 
layouts to meet your specific requirements .. . at abso- 
lutely no cost to you! Send for free catalog, or... better 
yet, call us at (616) 685-6400. 
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We'll prove the reliability of 
our optoisolators. Just ask. 


| We want to prove the fact that Monsanto’s 
| advances in materials and processing technologies 
have significantly improved quality and reliability. 


| We'll send you a FREE COPY of our internal 
| QA Report on our standard MCT2 device. It shows 
| the requirements we place on our product before 
you even see it. It will prove that Monsanto means 
quality and reliability, which means cost savings 
and value to you. 


We offer more choices of output configuration 
in standard products-to perform more functions-— 
than any other manufacturer. Transistors. Darlington 
transistors. Diodes. SCR’s. Logic gates. We also 
have slotted limit switches and reflective sensor 
switches. And, there is immediate availability of 
most models. 











Min.Current Min. DC 
Output Package Transfer Isolation 
Format Types Ratio Voltage (V) 
Transistor 6 Lead Plastic DIP 6%-100% 1500-3550 
Transistor 8 Lead Plastic DIP 
(Dual Channel) 6%-20% 1500 
Transistor TO-18 Metal Can 15% 1000 
Darlington 6 Lead Plastic DIP 100%-200% 1500 
Diode 6 Lead Plastic DIP .15% 1500 
Diode TO-18 Metal Can. .10% 1000 
Forward Blocking Min.DC 
Output Package Voltages Isolation 
Format Types (VFXM) Voltage (V) 
SCR 6 Lead Plastic DIP 200V-400V 1500 
2 SCR’s 
(Connected 
Anode to 
Cathode) 8 Lead Plastic DIP 200V 1500-2500 
Min. DC 
Output Package Typical Isolation 
Format Types Bandwidth Voltage (V) 
Logic Gate 8Lead Plastic DIP 0.1MHz-1.0MHz 2000 
Output Package Collector Current 
Format Types (IC) @ (IF.VCE) 
Transistor Slotted Limit 50u:A @ 20mA, 10V 
Switch 200:A @ 20mA, 10V 
Darlington Slotted Limit 1.6mA @ 50mA, 1V 
Switch 2.0mA @ 16mA,1V 
Darlington Reflective 
Sensor Switch 50uA @ 50mA, 5V 


Write now, on your company letterhead, for a 
copy of our MCT2 Reliability Evaluation Report. You 
can also get up-to-date information on our products. 
Or, contact your Monsanto representative or distrib- 
utor for assistance or immediate delivery. Monsanto 
Electronics Division, 3400 Hillview Avenue, Palo 


Alto, California 94304. Phone: (415) 493-3300. 
Putting Innovation to Work. 





Monsanto: 
the science 
company. 


For more information, Circle No. 2 
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-RCApresents the 


variable op amp. As easy 
_fouse as a transistor. 
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